
HISTOEY OF PHYSICS 


IN ITS ELEMENTARY BRANCHES 


INCIiUDIirO THE 


EVOLUTION OF PHYSICAL LABORATp^Jl^ 


FLORIAN OAJORI, Ph.D, 


raOTKMOB or rHTSlOS lir OOtOKASO OOIiLXOB 


Hefe gotk 

THE MACMILLAN COMPANT 

LOmOOK: MAOMUXAN & CO., Xn> 

1917 


Alt rmrmd 





lit vn hm Kfn t i "%H-\Hr. 

Kct up »m} ^)r.* !■ | ,,, ^ 5^.^, 

July, ; J;irn>4fy, J’jiy. i'/'#? : i»i| 

October, *917, 



t a ^ iNfW 

J* B. CaaBl^ t‘##, ^tmuk M i 
iliM#., If 



PREFACE 


This history is intended mainly for the use of students and 
teachers of physics. The writer is convinced that some atten- 
tion to the history of a science helps to make it attractive, and 
that the general view of the development of the human intel- 
lect, obtained by reading the history of science, is in itself 
stimulating and liberalizing. 

In the announcement of Oatwald’s Klassiker der Exakten 
Wissenschaftm is the following significant statement: While, 
by the present methods of teaching, a knowledge of science in 
its present state of advancement is imparted very successfully, 
eminent and far-sighted men have repeatedly been obliged to 
point out a defect which too often attaches to the present 
scientific education of our youth. It is the absence of the histor- 
iccd sense and the want of knowledge of the great researches upon 
which the edifice of science rests’^ 

It is hoped that the survey of the progress of physics here 
presented may assist in remedying this defect so clearly 
pointed out by Professor OstwaldJ 

As it seems best not to increase the size of the book beyond 
the limit originaUy intended, it is necessary to omit a few 
subjects which properly belong to elementary physics. 

It gives me great pleasure to acknowledge my obligations to 
Mr. S. J. Barnett, Ph.I)., and Mr. P. E. Doudna, A.M., of Coir 
orado Obllege, for assistance in proof-reading and for impor- 
suggestions and criticisms. 

TLOBIAH CAJORI 

COLOEABO CoXiLEGE, CanOBADO SPBIBaS, 

November, 189Sl 
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A HISTORY OF PHYSICS 

THE GREEKS 

In matliematics/ metapliysics, literature, and art tlie G-reeks 
displayed 'wonderful creative genius, but in natural science 
tkey achieved comparatively little. It would not be correct 
to say tkat tkey possessed little or no aptitude for observing 
natural pkenomena, but it is true tkat, as a rule, tkey were 
ignorant of tke art of experimentation, and that many of tkeir 
physical speculations were vague, trifling, and wortkless. As 
compared with, the vast amount of tkeoretical deduction about 
nature, tke number of experiments known to have been 
performed by the Greeks is surprisingly small. Little or 
no attempt was made to verify speculation by experimental 
evidence. As a conspicuous example of misty phiLosopkizing 
we give Aristotle’s proof tkat the world is perfect:^ ^^The 
hodies of which the world is composed are solids, and iherdEore 
have three dimensions. IHow, three is the most perfect nnmher, 
it is the first of numbers, for of one we do not speak as a 
number, of two we say both, but three is the first number of 
which we say lioreover, it has a beginning, a middle, 
and an end.” 

MECHAI^iCS 

Mechanical subjects are treated in the writings of Aristotle. 
The great peripatetic had grasped the notion of the parallelo- 

1 De Ooeih, 1. 1, as translated by WkewelL 

1 . . 
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gram of forces for the special case of the rectangle. He 
attempted the theory of the lever, stating that a force at a 
greater distance from the fulcrum moves a weight more easily 
because it describes a greater circle. He resolved the motion 
of a weight at the end of the lever into tangential and normal 
com ponents. The tangential motion he calls according to nature ; 
tlie normal motion contrary to nature. The modern reader will 
readily see that the expression coiitrary to yiature applied to a 
natural phenomenon is inappropriate and confusing. 

Aristotle^s views of falling bodies are very far from the truth. 
Nevertheless they demand our attention, for the reason that, 
during the Middle Ages and Eenaissance, his authority was so 
great that they i)lay an important rdle in scientific thought. 
He says: ‘^That body is heavier than another which, in an 
equal bulk, moves downward quicker.^^ * In another place he 
teaches that bodies fall quicker in exact proportion to their 
weight.^ No statement could be further from the truth. 

A modern writer' endeavours to exonerate Aristotle as a 
physicist. If he could have had any modem instrument of 
observation — such as the telescope or microscope, or even the 
thermometer or barometer — placed in his hands, how swiftly 
would he have used such an advantage I But in the case of 
falling bodies, the experiment wm within his reach. If it had 
only occurred to him, while walking up and down the paths near 


i iM €mu, IT. h p. sea. 

• Thlm law is assumed by Mm in tb© Mlovdng reasoning j “ . . . soi^ose 
m without weight,, but fi pewessing we^t j aad let a pass over a spacers, 
tet ^ In the »me ttme pa» over a space 7«, — for that which has weight 
will he carried., throu# the largir If now the heavy body be 

dififlod In the riiat space b«t» to ... and i/ mwhoU 

# tsrrM whole '^me yt, then it mmt he tM a part in the 

mm time mM M mrr^4 ^ou§h Book HL, 


Ch. IL 


» Jyrttete ** Aftetorie la MnGgdopmMa^ MHtannim, Ninth EdMoa. 


MECHANICS 


3 


his school in Athens, to pick up two stones of unequal weight 
and drop them together, he could easily have seen that the one 
of, say, ten times the weight did not descend ten times faster. 

Immeasurably superior to Aristotle as a student of mechanics 
is Archimedes (287(?)~212 b.c.).^ He is the true originator of 
mechanics as a science. To him we owe the theory of the 
centre of gravity (centroid) and of the lever. In his Equir 
ponderame of Planes he starts with the axiom that equal 



Fig. 1. 


weights acting at equal distances on opposite sides of a 
pivot are in equllibidum, and then endeavours to establish the 
principle that ^4n the lever unequal weights are in equilibrium 
only when they are inversely proportional to the arms from 
which they are suspended.” His appreciation of its efdciency 
is echoed in the exclamation attributed to him: ^^Grive me a 
fulcrum on which to rest, and I will move the earth.^^ 

We reproduce from a mechanical work of Yarignon, published 
in Paris in 1687, a figure (Fig. 1) illustrating this saying. The 
Latin motto in the figure may be rendered thus: Touch it 
and you will move it.” 


1 Consult The Worke of ArehimedeSy edited in modern notation, with 
introductory chapters, by T. L. Hbatu. CMnbridgB, tJniveraity Press. 
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WMle tie JEJquiponderance treats of solids oi the equilibrium 
of solids, the book on Floating Bodies treats of h7(irostatics. 
His atteiltion. was first drawn, to the subject of specific gravity 
when King Hieron asked him to test whether a crown, professed 
by the maker to be pure gold, was not alloy eid with silver. The 
story goes that our philosopher was in a bath when the true 
method of solution flashed on his mind. He immediately leaped 
from the bath and ran home, shouting, I have found it ! To 
solve the problem he took a piece of gold and a piece of silver, 
each weighing the same as the crown. According to one 
author,^ he determined the volume of water displaced hy 
the gold, silver, and crown respectively, and calculated from 
that the amount of gold and silver in the crown. According 
to another writer,^ he weighed separately the gold, silver, and 
crown, wliile immersed in water, thereby determining their 
loss of weight in water. Tram these data he easily found the 
solution. It is possible that Archimedes solved the problem 
by both methods. 

In his Floating Bodies Archimedes established the important 
principle, known by his name, that the loss of weight of a body 
submerged in water is eq^ual to the weight of the water dis- 
placed, and that a floating body displaces its own weight of 
water. Since the days of Archimedes able minds have drawn 
erroneous conclusions on liquid pressure. The expression 
^hydrostatic paradox ^Mndicates the .slippery nature of the* 
subject. All the more must we admire the clearness of con- 
ception and almost perfect logical rigour which characterize the 
iuyestAgations of Archimedes* 

'YtTBUTTOS, K. 8- 

2 Bommi (ed. Honrson, pp. 124-208). 

®A vidushic paper wi^ numeroiui erfcmcts from authors k Cn. ' 

Smhmreh^ Msteri^um swt U FHndpe (PArcMmMe, Paris, 
1862 (exteail de la Memm ArdMologiquBf Annies 1808-1869). 
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Archimedas is said to have shown wonderful inventive 
gonitis in various mechanical inventions- It is reported that 
he antonishecl tlie court of Hieron by moving heavy ships by 
aid of a collection of pulleys. To him is ascribed the inven- 
tion of war engines, and the endless screw screw of Archi- 
mmles ”) wliicdi was used to drain the holds of ships. 

About a century after Archimedes, there flourished Ctesihius 
and liis pupil Heron, both of Alexandria. They contributed 
little to the advancement of theoretical investigation, but they 
displayed wondarful mechanical ingenuity. The force-pump 
is pro^My the invention of Ctesibius. The suction pump is 
older and was known in the 
tima of Aristotle. According 
to Vitruvius, Ctesibius de- 
signed the ancient fire-engine, 
consisting of the combination 
of two force-pum,p, spraying 
alternately* The machine had 
no air-ehmuber, and therefore 
miild not produce a steady 
stream. Heron <leseribes the 
fire-engine in his BmwmaUm. During the Middle Ages the 
fire-engine wm unknown. It is said to have been first used in 
Aiipburg in 1518.' Ctesibius is credited with the invention of 
the hycimnlic organ, the water-clock, and the catapult. Heron 
showed the earliest application of steam as a motive power, in 
hli toy, called the ^teolipile^^ (Fig. 2). It consisted of a hollow 
sphere with two arays' at right- angles to its axis and bent in 
opposite directions at its ends. When steam was generated in 
the gphei^, it escaped through the arms and caused the sphere 
te It wm '&# fore-runner of B^arkeris water-mill and the 



FiO. 2. 



* A# «i ‘MmM la M ifelire,- Vid* IB, M IB^^^ 
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modem turbine. Heron wrote an important book on geodesy, 
called Dioptra} 

The Greeks invented the hydrometer, probably in the fourth 
century a.d. There appears to be no good evidence for 
attributing its origin to Archimedes. The hydrometer is 
described in full by Eishop Synesius in a letter to Hypatia. It 
consisted of a hollow, graduated, tin cylinder, weighted below. 
It was first used in medicine, to determine the quality of 
drinking-water, hard water being at that time considered 
unwholesome. According to Desaguliers it was used for this 
purpose as late as the eighteenth centmry.* 

LIGHT 

* 

The fragment of a Greek document, found in Egypt, speaks 
of various optical illusions ; for instance, that the sun appears 
larger when at the horizon than when near the zenith.® Optics 
is, indeed, one of the oldest branches of physics. A converging 
lens of rock crystal is said to have been found in the ruins of 
Mneveh.** In Greece, burning-glasses seem to have been manu- 
factured at an early date. Aristophanes, in the comedy of The 
Olovds, Act II. (performed 424 b.o.), introduces a conversation 
about ^^fine transparent stone (glass) with which fires are 
kindled,” and by which, standing in the sun, one can, ^Hhough 
at a distance, melt all the writing” traced on a surface of was:. 
The Platonic school taught the rectilinear propagation of light 

1 For a ftill account of Heron, “the first engineer,” sef W. A. Timm- 
Mnn in Jbw. of the of Mngin. Soc.^ Vol IIIX, Philadelphia, ISOf, 
pp. 1-19. 

2 B. GEETAifn in Wiedemann'e Amdhn, Vol. I, New Sedes, 1877, pp. 
150-1&7. Bee also his §emh. d Phyeiki p. 40. 

^ Bee K. WBisatT in Wiemr BtvMe% Vol. IS, 1891, pp. S12-323. 
Ahsteicted In Wieimmm^s MeiUduer^ Vol. 17, 1890. 

* B. d&r F\ysik, Leipzig, 1892, p» % 
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d the equality of the angle of incidence to that of reflection, 
re astronomer, Claudius Ptolemy, who flourished in Alex- 
dria in 139 a.d., measured angles of incidence and of 
fraction, and arranged them in tables. 

Metallic mirrors seem to have been manufactured in re- 
ote antiquity. Looking-glasses ’’ are referred to in Exodus 
► : 8, and in Joh 37 : 18 ; they have been found in graves of 
gyptian mummies. Spherical and parabolic mirrors were 
lown to the Greeks. To Euclid (about 300 b.g.) is attributed 
work on Catoptrics, dealing with phenomena of reflection. 
I it is found the earliest reference to the focus of a spherical 
.irror. In Theorem 30 it is stated^ &at concave mirrors 
irned toward the sun will cause ignition. In the ^^frag- 
lentum Bobiense,^^ a document written, perhaps, by Anthe- 
dus of Tralles, the focal property of parabolic reflectors is 
emonstrated. Several Greek authors appear to have written 
a concave mirrors. The story that, when the Romans were 
eaieging Syracuse, Archimedes defended his native city by 
be use of mirrors reflecting the sun’s rays, and setting on fire 
be ships when they came within bowshot of the walls, is 
>robably a fiction. 

The Greeks elaborated several theories of vision. According 
o the Pythagorecms, Democritus, and others vision is caused 
>y the projection of particles from the object seen, into the 
>upil of the eye. On the other hand, Empedocles (about 440 
5 .O.), the Flatonists, and Euclid held the strange doctrine of 
MUilar beams, according to which the eye itself sends out 
something which causes sight as soon as it meets something 
jlse emanated by the object.* ^ 

1 EuclUis Opera Omnia, Vol. 7, Edidit I L. Hbibero, LlpisdsB, 18^. 
See also E. Wiedemann in Wied» Annalen, VoL 39, 1890, p. 123. 

2 For Plato’s theory, see The Dialogues o/ PlcOo,. Vol. H., traii^ted 
by B. JowBTT, C. Scribner’s Sons, New Yor^ pp. 637 et seq. 
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ELECTEIOITY' AND MAGNETISM 

To the Clreelcs "we owe a few iHolatecl {ibscirvations on eleo 
trioity and magnetism. Tfudm of Mihtm ((M€-4>46 one 
of the seven wise meiG’ of early ClrecBjej is credited with the 
knowledge that ambar, when ruhlK^d, will attract liglit bodies, 
and that a certain rnineral, new mllecl iriagnetitCj or lornlstone, 
possessi^s the |)ower of attrmting iron. Anilier — a mineral- 
ized yellowish resin— wns tiaed in aiitic|iiity for decoration. 
In cotnnioii with the bright shining silver-gold alloys, and gold 
itself, it was called electron henea the word electricity 
About three centuries afti-sr Tlisdcs, Thmphrmtm/m his treatise 
On (lerm^ meiitioiiw aiiotlicr mineral which bctc^oines elcBstrified 
by friction. We know now that all IkmUbs enii ki thus elec- 
trified. Eliny says tliat ignorant |s.fopla ciilltfd the Iriadstoiie 
qiiick-iroin^'^ Th« large eittsnl to whicdi this plienoinenun of 
attriuition axcitcd tha ims^iimiioti of men is sliown 
by the fable of tha shepherd Mapiai, who, on Mount Ids (on 
the island Cmi»)p was no strongly drawn toeartli by tlie tacks in 
hia sandals ami tb© iron tip of bis atefif, that lie eoiild hardly 
pull hiiiiielf away. He dug to wceftoin tha cauw, and di&- 





Iluring iron wan miiHHi «;hi<'liy along th«» <umt8 of 

tiie A'gi'm H)*a aH‘i *♦» Minliterranoati ishuida. Mtigaetia 


Minor. Acwtftling t»» hitorottiiM tho term “ iiii^imt ” is dorivod 
from ** Magimsia." Thwris w«»r« iron minoa on th« island of 
8amoUira»rp, Tim min»*ra of that lottality ahowod the mstion 
of the loarletono >w eoiiiiei’titHi with the eo-ealled Bamothraeiaa 


other rings; and lamieliiinw you may see a numlNir of pteeea of 


Pfevfona to IIm middle of idie flftMntih century no systo- 
matk metiorolc^kad NKmitle are known to have h«en kept 
anywhere.* Yet the Qveeks paid aotue attention to meteo 
rd^. It t« In AiImmm tbi^t w« dud the old^t ooutrivanee 
ftx dwrviiif the diredto of the win4 There, in ite eeeeutial 


> BanA, th Mtrm, HttmAt; quoted by Pack laiMAHie hi 
/MfdMiwI JUm te AtaIrMqi, Hew ieh&, p. ‘te, (tfemiiter teb 
work wiit tm nlOrrMt to m tIaMaAMia.) 

• Jofraw, AWeltifiow PMu, VuL t, p. JI83. (Ion.) 

• a. Mwatie, Utmm*i nttd IM, yd. II., If^, p. im 


to thi! VeiWTidtle the hurai* of iteilorophon, on the Island 
of Kh«l(‘t», wi'ighi'd ritaat {snituis, and was susjMiudfHl by mag- 
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parte standing to this day, is the tower of the wiiids/^ built 
about 100 B.o. U|>on an cK!tagon of marble waa a rcMjf, the 
higlmst part of which carried a weather-Yane in form of a 
triton. It is improbable that weather-vanes were ever com- 
mon in Greece or Kome, for there is no Greek or Latin name 
to designate the instrument.' Among the Greeks meteorology 
j can Iimrdly l>e said to liave risen to ttic^ dignity of a muenee. 

I Tfim][>hrmtm of Eremn (371»-2Bb b.c.), a disciplti of Aristotle, 

I wrote a book (hi Wincin and on Wndher but like most 

I other Greek philcsophers, he was hardly the man to SMiopt 

patient and e^Mt observation in place of di^niatic Miertion 
and Hie teaching of authority. AriMotk makei a gmid observa- 
tion on the formation of dew ; vi:^. dew is formed only on el«Lr 
and cpiet nights.® 

ArcUm of iSolif who lived about 27S wrote a book of 




of astronomical phenomena, and various aceounfaii ot the effect 


works of Aratus were printed; one ^tiim was brought out 
by Mdandithon. 

somrD 


* Jf, 0, foe«iin»fin», CMMete dur 
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antiq[uitj, demonstrates tlia-t tlie art of music is incomparably 
older than the theory of acoustics. The beginning of the 
theory of harmonics reaches bach to Pytliougoras (580 ?-500 ? 
B.C.), but the accounts of his researches are so intertwined 
with fable and with error, that it is difficult to ascertain just 
what Pythagoras did. Passing by a blacksmith’s shop, he is 
said to have noticed that the hammers as they struck the anvil 
produced sounds having the intervals a fourth,” a fifth,” 
and an octave.” He found the weights of the hammers^ to 
be, respectively, as 1 : f : f : Subsequent experimentation 

with musical strings of the same material and equal lengths 
and thicknesses showed that weights proportionate to 1, -I, 

would give the above intervals. This research pointed to an 
arithmetical relation between musical intervals, and estab- 
lished a close connection between subjects so far apart as 
arithmetic and music. 

It will readily be seen that the above account contains two 
errors. Hammers of the weights given above will not yield 
the sounds in question. 'Kox is the law of weights for' strings 
stated correctly ; the pitch of tones varies, not as the weights, 
but as the square roots of the weights. 

Some modem writers have been led to surmise that Pythag- 
oras did not base Hs opinions upon experiment, thkt the 
smithy in which he got his information was the land of Egypt, 
whence he imported Ms knowledge.^ Other writers assume 
that Pythagoras really did not vary the tensions of the striiigs, 
but varied their lengths^ thereby arriving at the correct lavr 
that piteh chaiiges inrersely as the lengths of the skings.^ It 

Mxcomaohits, ffarmmiceSf p. 10 (Ed. Meihomius); Pobmtry, 
Ptal c. S, p. 213; BioaiNKis Labriiits, YIIL, 12. 

article “Music” in JS%cycli J3rW., 9th. ed. This article Contains 
lunch M omaMcffi on Greek musical scales. , ^ 

oj Tom^ tone, hyAi^. Ews, London, 18B6, 
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is said that Pythagonw wait tlw fif»l t.» * i»t4l.|inh thf rjjfht 
complete degms in tH« dtatfittio 

His specalation* on harwoiiy and mtunraJ iii«(crva!» 
uncontrolM liy fnrttor iwiaiiy t«i4i the fm-u. tlif 
planets are the sewn atriap «f llw» lyre, who-lt i» « 
beautiful “harmony of the ■{ihor**#.’"* Thw i.h'i ».i.» in,l 

advanced as poetiyi but as pbysM . T)tp fart ilmi 

tie human ear cannot deti^rt stirli imi^rplaiwian,’ nnisir *f i«| ml 
seem to w«ds«n his belief in its eaistoiiw* ! 

The theory of swnidi *m Itmrbrwl tijsin ly ArwUrtb*, who 
entertainml correct irfi«s on tb* I'bmurtrr nf tbo mtAinn of air 
(wnstituting sottiid, and who know ibat^ %t tb® length of m pipt 
is doubM, a vibn^ton in it dUntbl® tb® itmo. 


ATOMIO TIIKOEY 


It 18 wmtty of nrtifle that tb«' ntiwitc; tbooiy Antla its 
wllest advocates in Omw®. tbitt the tboory of ib» ahmio 
oonstittttion of mattor is far from lining a wlfHevnirtti troth 
follows at cmro from the fact that tb# two ibinliiini who bar# 
swayed pWlnsophic Uioiii^t nmsft iwiwerfolly. AHstotl® and 
Kaai^ t»h fta* space is ctwdinnttoiity ftihd • fh* graai 

wci«* pposite of Ibt «owi* tiMofy is 

(ahoi^ ^O-ifO Ha bMj^i that tk® world ommmIs of 
empty s^ and aa intaiia aamlMH’ of iodiwudbfai, invtatMv 
wiall atoms. Bediw and dtoi^paar only ^ ib« ««|»o 


‘ KsuiaoMai, ^ 

to Aanr. dr ows. M$t.. % mS: ' ' ***** 

»Kuih> Imwm, SrnOmXf Vsb Uf.% 
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and separation of atoms. Even the phenomena of sensation 
and thought are the result of their combination. The atomic 
theory did not play any great rdle in scientific progress until 
after the discovery by Dalton of the chemical law of multiple 
proportions. 

CAUSES OF THE FAILUEE OF GEEEK PHYSICAL 

INQUIEY 

While the Greeks achieved more in physical research than 
did other nations of antiquity, they nevertheless accomplished 
infinitely less in this field of intellectual activity than in other 
directions. The question why the Greeks made no progress in 
physics is an old puzzle, and is not easily answered. Francis 
Bacon says that ^^the proceeding has been to fly at once from 
the sense and particulars up to the most general propositions, as 
certain fixed poles for the argument to turn upon, and from 
these to derive the rest by middle terms: a short way, no 
doubt, but precipitate ; and one which will never lead to 
nature, though it offers an easy and ready way to disputation.^^ 
The ancients proved themselves in everything that turns on 
wit and abstract meditation, wonderful men.’^ ^ According to 
Whewell, ^^the defect was, that though they had in their pos- 
session facts and ideas, the ideas were not distinct and appro- 
pricde to the facts/^^ Consider, for example, Aristotle^s motions 
according to nature,^’ and contrary to nature, attributed to 
the lever. Heitlxer Bacon^s nor Wheweirs explanation seems 
satisfactoyy. Each endeavours to explain how the thing took 
place, rather than why. The question still remains to be 

^ F. Bacoit, in Preface to the “Novum Organum ” ( WorhSt New York, 
1878, Tol. L, pp. 42, 82.) 

^ W. WHBWKLn, Mistory of the Inductive /Sciences, New York, 1818, 
Yol. I., p. 87. (To be quoted hereafter as WaKwiLL,) 


Wiiw#ir4. '^’tw 4i4 ^.f 4*1 

riliri^ tf^4M ..U 45 .| 1 .^ ^. .ffi 

|ifii|i*«*«ill«4i%^' *4 mhy 4-^4 } fv-'A-j-*'- y- &■', i ; '*^*4 

liiAlllirt mm4 ^ 1 , ^ 4,1 

Irrii mm%ih ^h-uk |V#!.^|ft 5 * ^ 1« #1 

llfl%.«rf zn %hh4 ,4 ir^pr I #.-rr^|.t 

||ilt r«tlt#’'tlt tiarr«s'i%' li*« Il3»*"ii' ^1-^1 » •« 

fi#Ikwr4 hf 4i4*lWt, 

ftp- Ifiir ^lllf ^4 tar^3r,t,t |4ff«f^ . * r. s* 

III# |i glut «4 %h*^ |.|4^ 11^ R.-# |.|»'i* 

tl^H kli*|1i'il <»!' ff»% f#wi»' if #'f‘»i#*i4 I# 
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THE KOMAHS 


The genius of the Eoman people was exercised in war, con- 
quest, government, and law, but no effort was put forth for the 
advancement of pure mathematics or science. The Roman 
scientific writers were contented to collect the researches of 
Greek predecessors. Among these are Marcus Vitrmim 
Pollio (85-26 B.C.), the architect of Emperor Augustus ; Titus 
Cams Lucretius (95-52 (?) b.c.), the author of De Eerum 
Natura; Lucius Annaeus Seneca (2-66 a.d.), the tutor of 
Emperor Nero; Pliny (23-79 a.d.), the compiler of a large 
work on natural history; and Anicius Manlius Severinus 
Boethius (480 ?-524), at one time a favourite of King Theodoric. 

Boethius wrote a work on Music which contains much infor- 
mation on G;reek theories of harmony. Seneca taught the 
identity of rainbow colours with those formed by the edge of 
a piece of glass. He observed that a globular glass vessel, 
filled with water, magnifies objects, but he was led by th|s 
observation no further than to remark that nothing is so 
deceptive as our sight. His writings are replete with moral 
sentiment. This accounts, perhaps, for the fact that his 
Naturalium quaesHonvm lihri VII was used for so long, during 
the Middle Ages, as a text-book of physics.^ His grasp of 
medianics is illustrated by the story which he gravely tells 
of a fish, less than a foot long, which, by clinging to a ship, 

completely stops its motion even in a gale. He claimed that, 

# 

^ E. BosBZfBEECBE, GescMohte der Part I., 1882, p. 46. (This 

work will be quoted after this as Rosbxbbeojee.) 
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THE ARABS 


The growth of the Arabic nation presents an extraordinary- 
spectacle in intellectual history. Scattered barbaric tribes 
were suddenly fused in the furnace blast of religious enthu- 
siasm into a powerful nation. A career of war and conquest 
was followed by a period of intellectual activity. About the 
eighth century a.b. the Mohammedans began to figure as the 
intellectual leaders of the world. With wonderful celerity 
they acquired the scientific and philosophic treasures of the 
Hindus and Greeks. Old books were translated from the 
Greek into Arabic. Chemistry, astronomy, mathematics, and 
geography became favourite subjects of study. In a few 
instances the Arabs made original contributions to science, 
but as a rule they did not distinguish themselves in original 
research; they were learned rather than creative. 

So far as we know, there was only one branch of physics 
which was successfully cultivated on Arabic soil and but one 
man prominently identified with it. The branch was optics, 
and the man was Al Hazm (965? -1038). His full Arabic 
name is Abli ^Ali al Hasan ibn al Hasan ibn Al Haitam. He 
was bom in Bosra on the Tigris and rose to the position of 
vizier. He was then called to Egypt by one of the caliphs 
who had heard that Al Hazen had thought out plans for so 
regulating the flow of the ISfile that each year there should 
be plenty of water for irrigation* Closer inspection of the 
grounds impelled him to abandon the project. He committed 
other errors which brought him into disfavour with the caliph, 
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A HISrOBY OF PHYSICS 



He feigned insanity and souglit concealment until after the 
death of the caliph. Subsequently he made his living by 
copying manuscripts. He wrote on astronomy, mathematics, 

and optics. 

His Optics was translated into Latin and printed at Bdle in 
1572. To the law of the equality of the angles in reflection, 
which he learned from the Greeks, he added the law that both 
angles lie in the same plane. He made a study of spherical 
and parabolic mirrors. The greater the number of rays which 
pass through a point, the more intense is the heat there. Rays 
incident upon a spherical mirror, and parallel to the principal 
axis, are reflected to this axis. All the rays reflected from 
points in the mirror lying on the circumference of a circle 
which is perpendicular to the axis (and these rays only) pass 
through one and the same point on the axis. He constructed 
a mirror out of a number of separate spherical rings, of which 
each has its own radius and its own centre, but so chosen that 
all rings reflect all the rays accurately to one and the same 
point. The following is known as ^^Al Hazen^s problem’'^: 
Given the position of a luminous point and of the eye, to find 
the imint on the spherical, cylindrical, or conical mirror at 
which the reflection takes place* The beginnings of this 
problem are found in Ptolemy^s optics j after A1 Hazen^ 
masterly but complicated discussion of it, it became fMnous in 
Europe on account of the geometric^ difficulties to which tM 
general problem gave rise.^ 

In repetition of what had been done by Ptolemy^ A1 Mmm 

% 

i For A1 Hazcn and his researches see Bow, **AlliM»a«ihe 
Bpiepl-Aufgabe,” Separat-Ahdmek aus dem Jahre$berMt dee 
Mtisck^n Vemim m J^ankJktH <$• 1801-^ ; Lsoronn Schwa aw, Bfe 

Opdk Fr. Star|^ml,,l88e j Baaehaw In A 

M^rffmL S6, 18S2, p. 196 1 B. Wiwmhaww, la 

Annalm^t R* VeL 39, pp. 110^130 x also Vol, 7, p. 080* 
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UUIIT 

In tlie Ihirtofiitti I’lmtury Kump’ «’»« tlw* «:i* 
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M»»bl« tine to “rwid Uw nnwlbnit writing al «b»' 

taiww ** fram the aya. Ihit Ihwntt nnenr nr irw'd 

to rmiiitrtiety •ueh ito bMtenttMmt *Hte clatrn m-i ii|i for tnia 
grew ml rif a tniiAraastallfMi of a iMMWge m In* vmkn,* 
ftartm wan «me nf tftw ncait giftnd tutm!* nf th« Mlidiiltt 
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aad to lw{Mtomi»aat. .f toai his thtford mU im mnl wit an 
fnr ir<tfMrteMmtai $^mm wbleh n*«rly eiMttfted ht« ebl 
ftriwid l*Mf« tftsesMBt IV. Itet Itown's litawi wmw In adi^iiiiM 
his Umm wnl bto« ao bHetodiitte fruit, I» iM« hm wm 
iwjpahiMMMt a mm&A tea to a {Mitod of ten ysaiM, tins 
te i»niu« ^ this rMmrkdda tnite was ^ te padltd* 

(mI and MMitat dwifiniiiw hhi ''' ^ 

* h, tf lit itteWHMs's teiatotf Vet. M, ttto. g, tMt 



THE RENAISSANCE 


sixteenth century was a period of intense intellectual 
vity. The minds of men were cut adrift from their ancient 
ttiCMjiriiiigs and launched forth on the wide sea of inquiry. 

niovement was of great breadth. Here we witness the 
V i viitl of classic learning, there the production of masterpieces 
im fitrt by Michel Angelo, Raphael, and Da Yinci. Yonder 
bebold the stupendous struggle against Church authority, 
Iktiowia a.s the Reformation. The secluded mathematician in- 
f txew life into algebra and trigonometry. The astronomer 

BbtJ the stars and creates a new system of the universe, 
pbyrsicist abandons scholastic speculation and begins to 
ma^ture in the language of experiment. 


THE COPERmCAH SYSTEM 

j&TTst great scientific victory during the Renaissance was 
^ c^^Ciirbbrow of the Ptolemaic and the establishmmit of the 
System. We shall pause a moment to consider 
t#liis great epoch in the development of our sister 
astronomy. 

""I* he Grreek aslronomers, Eudoxus and Hipparchus, explained 
motions by the femous theory of epicycles and eccen- 
THe apparent sweep of the planet around the earth was 
by the (x>mbination of two motions : (1) the yearly 
of 'the planet ^dong the circumference of a small circle, 
tlie e^de^ (2) motion of the centre of aat 
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tower, and allowed a one pound sliot and a one hundred pound 
shot to drop together. The multitude saw the halls start 
together, fall together, and heard them strike the ground 
together. Some were convinced, others returned to their 
rooms, consulted Aristotle, and, distrusting the evidence of 
their senses, declared continued allegiance to his doctrine. 

The crooked path hy which discoveries are sometimes made 
is curiously illustrated in the assumption at first made hy 
Galileo regarding the nature of uniformly accelerated motion. 
He takes the velocity to he proportional to the distance passed 
over, and then, hy a train of reasoning which we find itself to 
he fallacious, concludes that this assumption is erroneous. 

If the velocity with which a body overcomes four yards is 
double the velocity with which it passed oyer the first two 
yards, then the times necessary for these processes must be 
equal ; but four yards can he overcome in the same time as 
two yards only if there is an instantaneous motion. We see, 
however, that the body takes time ip falling and requires, 
indeed, less time for a fall of two than of four yards. Hence 
it is not true that the velocity increases proportionally to the 
distance fallen.^’ ^ 

Galileo then proceeds to a second assumption, — velocity is 
proportional to the time of falling, — and, finding no self- 
contradiction in it, he goes about to test it experimentally 
In a board twelve yards long a trough one inch wide was cut 
out in a straight line and lined with very smooth parchment* 
A brass ball, perfectly round and polished, was allowed to 
run down the inclined plane. About one hundred trials were 

1 Galileo’s Discorsi of 1638 were in 1890 published in German transla- 
tion in OstwaWs Klmsiker der mmtm WiBsemchafterij Nos. 11, 24, 26. 
The above quotation is from No. 24, p. 17. A new and complete edition 
of Galileo’s works has been prepared recently for the ItaHan government 
hy Antonio Favaro, of Padua, 
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this subject Galileo permits Sagredo to remark naively, Truly 
the conception is new, ingenious, and incisive; it rests on an 
assumption, namely, tbat the transverse motion remains con- 
stant and that, at the same time, the naturally accelerated 
motion maintains itself, proportional to the squares of the 
times, and that such motions mix, indeed, but do not disturb, 
change, and impede each other, so that finally, by the pro- 
gressive motion, the path of the projectile is not degenerated 
— a behaviour hardly comprehensible to me/^ 

Galileo was the fi.rst to show that the path of a projectile 
is a parabola. Previously it was believed by some that a 
cannon ball moved forward at first in a straight line and them 
suddenly fell vertically to the ground. 

Galileo had an understanding of centrifugal force and gave 
a correct definition of momentum. With Stevin and others he 
also wrote on statics. He formulated the principle of the 
parallelogram of forces, but he did not fully recognize its scope. 

Still another subject engaging Galileo’s attention was the 
laws of the pendulum. As in case of falling bodies, so here 
the first observations were made while he was a young man. 
In 1583, while he was praying in the cathedral at Pisa, his 
attention was arrested by the motion of the great lamp which 
after being lighted had been left swinging. Galileo proceeded 
to time its oscillations by the only watch in his possession, 
namely, his own pulse. He found the times, as near as he 
could tell, to remain the same, even after the motion had 
greatly diminished. Thus was discovered the isochronism of 
the pendulum. Galileo was at that time studying medicine, 
and he applied the pendulum to pulse measurements at the 
sick-bed. He also proposed its use in astronomical observar 
tions. More careful experiments carried out by him later, and 
described in his Discord^ showed that the time of oscillation 
was independent of the mass and material of the pendulum 
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claims that his astronomical discoveries required only a tele- 
scope and perseverance, while, in the case of dynamics, it took 
an extraordinary genius to discover laws from phenomena 
which we see constantly and of which the true explanation 
escaped all earlier philosophers. 

LIGHT 

The greatest achievement in optics during the Eenaissance 
was the invention of instruments, giving an observer a glimpse 
of the infinitely distant and of the infinitely small. We refer 
to the telescope and the microscope. 

According to tradition the telescope was invented by acci- 
dent. The great Huygens in his Dioptrica asserts that a man 
capable of inventing the telescope by mere thinking and 
application of geometrical principles, without the concurrence 
of accident, would have been gifted with superhuman genius. 
To this remarkable statement Mach adds that it does not follow 
that accident alone is sufficient to produce an invention. The 
inventor must distinguish the new feature, impress it upon 
his memory, unite and interweave it with the rest of his 
thought; in short, he must possess the capacity to profit by 
experience^’ ^ 

There have been brought forward numerous candidates for 
the honor of the invention of these marvellous instraments. 
Tour nations, the English, Italian, Dutch, and German, have 
each endeavoured to secure a decision in favour of one ot its 
own countrymen. 

The evidence we possess favours the Dutch. The first tele- 
scope was probably constructed in 1608 by Mans LippersTmfj 
a native of Wesel, and a manufacturer of spectacles in Mid- 

1 B. Mach, « On the Part Played by Accident in Invention and Dis- 
covery,” Monisti VoL VI, p. 166. , 
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to enable liim to give in broad outline tho i-orrei't theory of the 
tolfiBCOIHS. 

The earliest imjKJrtant aeientitic disccivories with the aid of 
tlie telescojxs were made by (Judilm. He wiw led t«i take up 
this lino of reseiireh l»y rumours whitdi liiul remdied him regard- 
ing the invention in Kelgiuin of lUi instnnnenl through whieh 
distant objects could be seen distinctly. He proltrildy heani 
tliat this hiul Isjcn effected by the comhitmtion «d a cmic ave 
and a (souvex lens, and h© set to work Pi devise such an iiwlru- 
ment himself, (luiiled by the hints he had rweived and by 
his knowlfsdge of dioptrics, he stsjn stH!c««iwl. He made a 
rough telescoji© with two glasses fixed at the end of a leailwi 
tube, iKJth Iiaving one side flatj the other side of the one lens 
being concave, and of the other lens convex. I t made oliiwts 
appear three times n(>arar and nine tinm larger. Thereu)iMt, 
sparing neither expense nor labour, he got so to as to court rwt 
an instrument which magnified an object nearly a thousMid 
times and brought it more than Hiirty times nearor.* 
dalileo went to Yiinice and showed it to the signoritt. Hsys 
he; "Many noblemen and senators, altiiough of great ago, 
mountdi the step of the highest church towers at Vititinii to 
watch Hie ship, which were irlsible Ihrmigli my glasB two 
hours beforo they were seen entering the harbour.’^ 

Odlleo's tehiscojies were mueh sought alter, ami he rweived 
immeroHs orders frmn learned men, princes, and gowritwsnts 
— Holland, the birthplace of the teleser^, not cxccidwi.* 
ewileo teiHtod his teleaoop towaril the wotui and dissmvurod 
mountains and cratmi he toined It to tlujiitor amt mw its 
satellites (January 7, 161^; to |«iated it at ffatani and saw 

' * CittHHtit Mmm Nimim ta 1819, mpriitttd lit udilloiw «d flalilw's 
works; also Kami, fm dasuis, 0sfto» Sa/m sad Jgmm* CMt, 
wms, to Mss. Qnoaoa Steiwi^ toodim, 1119, |*. 17. . ■ ^ ^ 

* 0itM.xK, op. ««., p, 18. 
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till* jtL'iiPi. tiirt*affilfl «-» new kiiowit tii Itavn Imtm <Ui« to an tin- 
|irrf«Tt vsinr «f tin* ring; lia nxiimiitnel fcliti »»ii| mw its 
tiiiiviiigt aii*l tliiil ilt« nitit fcitiites. AH tJtb wm 

arliii^vwi ill llllCI. IliH ntaminl to iiniiliriii iltii 

Ifimiry. Iliii nlciitd of opjKiiitiwi to Clnlilno ln^giiii 
|4i gntlii*r. Bciino rofiMwl to btiliiivii Ihtiir iiiiel loiwirtofl 
tliiit, 'ivliilo lliis niinwnrncl wull prtotigh for torroitriiil 

otijrrlii, it wm fiiiiift ami ilkmorj wltott iioititotl at r«lc*itial 
IHliifm ri?fii«iMl to look ihroitgli it Ainiirig th© latter 
wiw II iiiiittriltj im$tmmr» ilalilw wrote to lC©i>l©r; 
my lietf Ktiikt liow I wiilt that w© ©oiilil liav© mm li«ar^ 
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A HIBTOUV I*HY«tfS 


Kssex, Kiigtaiui, Htuiliml at Bt. .IhIhi'm tlii^n 

travelled i»n the (aiiitiiieHt. 'I’lierts aa widl « »n Kiiuliiiwl, lie 
“practisetl aa a jiisyaieiaii with great and apidaiMie.'* 

He wag apimintol by Qm*e« Elistabjlh her j»hy»i«'ian-ii»- 
ordinary, and she settled ujhmi hini ai» amnia! f»r Ihti 

of aiding liim in the proseeiitinn «f hi* jilnl«#njdtn«J 
studies. His first investigations were in ehemiitlry j hut la!**r, 
f«»r eighteen years «»r more, he ex]M;riiueiit4iii on ideelrn tiy and 
magnetism. In HHKJ he {itiblisinsl his great work, the tM 
MwjmM. J. F, W. Hersehel s|ieaks of this W»k » "hill of 
valualde facts and experiments ingeniously leiisoiied on ** It 
is thii first great work on t*hy»i^ scieiwti prwlnrpd in Kngland 
(Jalileo prononnced it “great to a degree that 14 i'nviah!*“,'‘ hot 
at home it was not appnndatod so highly.* In 
pnerations the book was quite fotgotton. 

tiilberF* eonteinpt for th» methods of the ?» h»s»h«*'n » iwp* 
out overywhew hi his book, la faet, his criltebm# of worthy 
pmdAMMors are at tiines uapnerous. He witIrhtM his work 
from publleation for many yrmni. **Why shimhl I," say* \t» 
in his prefMo, “submit this noble and . . . Htts new awl inaib 
mlMible pUlcmphy to tlm judipnent of men who hate taken 
«l 3 i to follow the opinimis of irthem, to the most iieii»eh»ti 
eorrnpters of the art% to lettered eluwtis, gnunmatitfAi wipto 
ist», ipmters, and toe wrongtoeaded rabble, to to dent'intmed, 
tom to Mtors, and helped with mmlutHely. Yu you alotie. 
true phiioiiopherSi ingwstMWM minds, who ncg only in tosik* Imt 
la things toetmuitoiw Joidt fw? knowledge, have t dedicsteyl 
tlMM fcRindittions of magaeHe •ohmce—'a new etyl# of piii. 
losophixing ** (p. allx.). Ifi^ra j^itiMopbnrs “ must to madm 

tfkw WiuuM OtMtiw «w Ootosstras. Ow rAt {.nmtamm 'umi 
Mafmite JMto, usd m tk# dtoit fmeA. tuMw. iif f. f. 

Morrm.Ar, bmxton, “lUmgsfhtoit Mcnwir,'* i»*ss«lk M mm 
r^nMOM wtU to to titto editte <rf the to 
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1*1 <|5H< III* »M»n t»l InariiiMg that itwHiP# fw>« Iwwlm*, »iiil 

|||,;«{ »c*i« r»|||y i»R »'»H« MrgUR|l*ltlll frMMI itttti MjWH 

'* (j«, 4?|. JlPtt $if HRMln witlwint 

mJ Cin'i#, aitd in th« nt ***j*rin»*nl, 

^i»|* iiiwi »«ti •' f;p. *2|. l.iiH»rl w»« thw Hr»l in iiwii tins 
ier*»» “flwiisr- f«*fw,** niMgwMiK 

Ifonli** whirli iiiifart. in tlw »««in w»y m »inl«*r lie polled 
trii >» " anul watitn Milwr laidiRa liw I'alteil ‘‘ncwi* 

|jnr««s,«« b«» ruul4 mil. tiiilkn tliinii atlwt'i l»y 

Irirt4««. 

|*wjili.t iKtittiHiHipa fnl! I« 

witwni mnl elmdi’in allrnisli«tt tir 
llwtory lint miinn t*rtnr iin th» jmrt of Home ««*ly 

TIii* diffvrnniMlioii iln* iwii •mm finit eliMtrly 

hy tnathi'nNttipian, CMntmm 

• flilliwpi «fiin|itwiM of llwaiw who *<»» ipiomwl 
A'mi ih* *»»**•* i4 ih«* logtlilinnt** biovpiiiomi# «» very diffur* 
r«it whtiih l«i amlhtr if* (|», fH), 

11i« ttnifan lta|«ii»iA Iniit taugfit tJiNl iron ruliM with 
iitniM to tint norlby m tf it tuof rtthhutl on m 
To Ibi* Clilbtfl Miyi^ “W# m«mJ« tligi 
mtih iwtfWtjr.B*# dMunwnUi In of many 

s Nttmhwr of Iron tatf* and of 

wii#, thotn with tb* frNrt«*»t mm wliilo tl«*y 

In mf^fwMrtad % Mr>wr w«# it 

jirmiiiwi to *p** ih» dfert. MmtiwMd % Forta" f|*' UiHf, 
«#itiw iri»r «pdii»t <^id«n« who “loika why no e*liw 
mmi t» drawn ty any ««#•} and hi* mnwm In. Imemm* no 
nihaf nodal i# •« *wld •* IwB j «* if, fiw»n*th, «drt w«m riMiiwi 
rf mmr-um, «r l«« wmm »tirh nridnr tloin tmi, which 
nwiihar fwlh**# tin* ioachitofli* iwr Inwi toward it. Wnt iWi 

• ChMwh P. Jtowania, ^ m. 
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KI.WTKirt'n* AWl* MAflNIOPimi -I* 

^rity, af t^kiitu Mmitimi iti tlt«t tiiii 


4<i »<vi»r4»itis t*i titt* law (if lltw wlwiln ” (ji. <Wl). 

«'<* m-i* ill ill*' ijtfi' «»f tli« mrtb, 1 

itt all ki'lfH, ami a«ll«'rp t« it’* (j». IIT). **i4k*» t 
i ;ii! , , , [iij hiut lliw lamur of 


iiiwuiwUi- wtiMU iftat till* tiwrtlt-{ifHiitift|| |wln fit « ntwlltj la 
(lj»t miuih "all iiMlriuMfMl iiuikDiw, anil iiavigatura, ar# 
fjjtJ'giwiinly iiimUki'ii itt takiii^ jwlti of tliii IomiI* 

* 1**1111 ilii* j«fi i*r ill** alMtH* that limititoa bi iho riurtli *’ {|». 27). 
tJilticft'* flmroKfr-ry tlial llwt earth i» a hug« iitagiiet tnatla it 
«j«y to •'«|il8ii» wlijf tiiit ne«ll» fKiiiit* norlJi. I'riiir t« (lillwrt 
»tl Roria t>f liiul tamiftiiaipiifil. **'ritR Roiitinaii h«r«l at 

itt MtNiri'li of itiM inttiaes of Bwgtiotit! in»v«»u»til«i, 
mllmi itt maum ri*iiiiitn atitl far avaj. Miirtittiia tkirteatuii 
, . , fironml «f ati atlraeiive laagnetb jioint, Imyoiifl Ui« 
ttriiwi>«fi. w'ltiiK «rt iron. PfttrttMi 1'ootfrttttM littld* that 
itinwtaei fta* ita rt»o sit th« fwli^ial {Ktloa. CarilMi irati 
wf t]te>*|*itif«Mi that ttm rvtatiaio of iron in tmuiiml l$y tbo star 
ill the lAii of Vfm M»jm Tli« l^achtntttt Itmard thlska 
iltiit the rnsitmtif! iteMlIt tiiiiiM k» th« |»oitt of the ataliaa. . . . 
rtd ItM erer h<Mi« the trtmt dt ina«kiitil| Itoittely tliinp u» 
Vila I tlifitp from f4«tiiid mA tbbp afm are ttear to ItMnt 
WmI ohjwrlMf (p, 171). 

'Tiitil the nredlit dcNM nM ptiet true tterlh nml aonth vm 
Uttftmt to Ih# M ««rlf aa the iswiturj. 'fliat 

ttoimi sm imrialiwiai la dRetinatfon wtm «learly r»r»if«iiwrl ly 
fymmkm m We vt^tip «f 1492. An atliw Iwaatl 

l« 1*» tty A«df»« Itliwee »«• iomwty to tliieltoe 

tlie k(w<»Mp that Ih# ftoellwilioe ia not ffmrywhmm toe 
Mine, lait BurtolU timim him thhi knoetwlp imi4 Intoi''' 
{«t«to toe i»to«Me4 fot varMott in » AiS^mat 







i« |tr«vi> that th« •’jirth Iwcaiisn of it« 


would la* tiiat of J«»»wtot»*< (.ifdit'k'M tesauiiu of Iiis mlvocMiy 


MKTEOUOLOOV 

f)n« df tlttt Mflifwi aynlemal-k mdk'orologifia} muorda i» tibal 


BnlMift fMm.* 

*0, IfatMi***, •*# IWb, Vd. B., liW* p, tW* ite. 

* /Mimm, p, tW, 

* iMmtt p. til I •«*?* ttm. ffMopat flbe., MSff, |i, Its. 




* pr,i r 


iIp^ iirriiiaii riiriliiiiil *1^ i'mmii. «i |i*l 

if v«iii fr«in «-4 ,* 

lilf Iff iiiiii f rtini tli«" % 


tlip m$t 1*1 it Tip* 

ill** Hint il^r *4 if**’ 

HtHli^rlilll r#litiiry thm r-fWl «j| «4i 

iill^ulritfll'i, Tllli lian #l|ir» Ipvtii %inml iti Ifi*'' 


kavt «vMt tUMiKtowl ttai tci f miMrtii 
ifaMWM mm pM|iiltf dliM tlt« 
tei AflMNlPtMl 

ittetei iMt« m^imm «f tl« i«4«(<tiv« M»ie«liM4. 





■^fi-rriioti iir IP 

I ^ 4 «#4^.lrr «»l Iw-i, Il4«wii wm iP'il- m iciii^iilifii' itiiiii , Iip Uml 

||* f^*j^*rilil#ltlillt«H ; fl»* !lir|i^it Itlll 

|Kift.sir lit tlii^ urml Ititlii Hull italiifi^ 
lii'M'ti ^%n4i*'4 «lifr^-i|y hy uim^*nmUm% iiii»t r%|«^rttiii^iil. tli^ 
t*» i*:i’^** tr|**ri*^4 ||••>s I Vi|p’f«|«-^j||l niff til * l|J|ll lit* lr«itl#‘*4 
M'llll tlk<" Iff f #allit**l ttipi lltllwl itfl^ Iv# 

^^tr4t^fr« «* t mt III* llirmi iiiiilrrl^^il l4i 

givr 411 Ity iriiiili Etiy nmttlp wilfi |«*rii»irrr» 

aiirr-', i»Ii.#rii¥ifftii#. Wif ** llllt^l itiislyi# 

liy atii4 iifirlit^ittit## «ni«l tli«^fi| iifli*r it iiiBlri#iit 

fiiii«l«‘'t iikf riiiiiit |jci .n i!fiiit4ii§iiiit ttfi Itii^ 

ll»* ili««i^lit fiiitiiw niitiiil tr ittulfril tiy riil«i wlih* 

oiii ils» «i4 itf nfwl jwpwiiiitlif iiiiiiniitmtiiitt, Ilii 

t«vip iii:i*|. wiiii |iifj|»iikr liiifc hiii wtur tw^ii 

ii?IimII| liy intiwiliatiini ill {iliyukil iimlitfitti** 

r»I K. Mai?ti i *♦ I tio ii§l liew 

m^ymf »f m l*iiif^liii ill wlith 

MmA w$m mmh by i mM iff 

Ipiiip pf iuk^myti m m iwlitw- «iii l^fttitiii ll^»ii% 

fiiifiliipl rif Ity mmmrn^t twgit niwplit 

hf mmhm 1 1 tiitiliilf wmdi »#! i^ti ill* 

i Wrnmm k* C*1f* 

» Mmm, f I., %mMt p III. II, %mm%, iHmmm 

^ %M m t ^ ^imm^ i^J, p | 

SI III ^ IMmtm lifi* i^lii 

t*m tmmm^ tag fill I 

iim ^ Wi, m II , p I 






I m»M. All in hut tif« !hir»l »a 

iiJjwlAiir# 'I'lir inuliuii Ilf tMnlir# ill thfir (lirw’l 
■**# ifin>rrf«« »!% M»»<!»«s*tniAl liy fimUhttt, lij 

fAfjfcwiHr*. »ii«| f«*i p«.rr*<i‘llf AtAlinl l»y t%rit^t>ph§t 
Witlht, »||«I (‘ftnatuiin Tlf«* !«*!♦ Ilf Mifltiolt ill tJlnir 

«••»« liriii Kivfif liy NwAftnii in hiM Prinfipiu, 

»«’iM«»l* in ni’wiWMtry wnl in wwi 

tn lliinn* in (ihyAitm. Jfw wiw a iwwlfl^ 
lifil’iiriAn, ««4, frtiMi a tiinitfil niniiuitt iif nr 


riinfiil^wlljf ilpilnmfn! n Iwruii ninnuMt nf infnmiifiB, 
AJInwimi biltnwtjf tn Iw iliKtiirtwHl ii^ any (twiiiilitn <]it* 
rtv'tniiiry tMtw^rn bni ttnai iMiviiMiniMi luii] tlin Nuiuitl faota. 

: ’ ll» Iia4 tm AiiftnwMttiMi of ibw «to«r^fnf fimitM of OAliliio,* 

ftiy» “Wiibniil mnniilrrinif tli« flwt mmm of 

! '■ h* mm§h% only for tli« imiiw* of a fnw iiw- 

'> tienlaroffneta lund tboo ImIIi. withonl a fonnttfttion.'* **WhAt 

j. Ilaltlm mf p^urding voteliy of faltittg tiwiliM in a taonum 

twii no fwnit4«l:i«in I lb* nhMld bavii toiit wiwt fmrity b$ bad 
bw known it* nalmw, tlinit bo woatd burn Mon tbal tlmni it 
;•/ tnotA tn vm}4y apaiw.’* **t wn noldiini in bbi banka wbioh f 

; #nry and AlnuMil iwlbtim wbteb I wntiid ArkitowltKli^ tta my 

owa*** Amut4l^ m libl ®wii « ftriort {trinniiilini. ItnarAPlaa 
tboNgki mmM MiiUy' «t^^a adi tbat fiaJilnw bmi wnrkiid 
tml, wbit*. «« A milttN’ faeli UtMUrtat bad no tm« notion 
of aowbnrtiwii, and aaiwalliad armt av^dad by Claiilao. 

mm a vmkm dlipnla batwaan tb« f laflaalan* and tint 

: f 'Md ito wwiNnM ttiailM irtM awfv Mftty atm 

ot mf mmrnmmk mmm* Oautwi mcai bubl |4 M matiy, anA 
liAMkfnw nf M biwi M mm mM tnartMa for m maw of 
Wnawai*, dab t, yi aH. 

» finww*nf«i., i^mm, fal. II.. PartA MM». taanw *1* |i. IWI i ttf naiwi. 
Km, ttmKrnmK •%•«. #wa#. d Hwamtt. MmKi, lia?, pf. wi^Maf 
K«a«w»a. fAmMKrn A JftiiawiMdit, Vnl. IV.» ip. ieWI4 






Hf’wiflen timk llir rflirarr 1’* it * ' / 

Iiiiliiii^ Itiiili it i«> ^,r *. ■,»* * I 5 < . . 

tr«w*My Iiwl*»<l m(*f liiilf ;i^riituft, i3?i , .1 « ^ ^ 

III II IlltlW’ liy flrilll4p4lpW^^^^ $t:t,,ASk% .H tt i 

^iiiP:|l III ili« I? 44 ^ lll<«l|.4l! I list It 

tllOllglil «*li lllif^- «.«* il^'f 'Ite- I IJ it* 

wan llliwl| «lli^ *lf W*M.ir4«, l*4ll %irit^ nir$^ i If < ri; 

iikfiify Ilf a Iwily in iii*»lii-iii m si.» 

llii llfii#** luily Ilirrtvtl t-rtlirally milk 4.n4i‘k 

wWtiy II«*#IpI|| Iwiimi j«ii#|g A l|$|ff« Tl*# # ik I3|ltr^ 

!»■ tllli mptam fif I'Ar I*r4jrfl|f^ if Wi’ rtj^itlJri tlir- 4%i#44%/# ,% 

lni^iiljf lliimwn t#rtii"iilly wiik iiir #«, 

fniif iiiiiwi in fw. |« iitiwft |r^|# i*«# 

riJItml ilw "fjlilililily f4 





fli 

11rf,r « ^1411 h4hmml, hf itinl iiifi4i*rti writi'rs 

»4 •’ tniiki'^ f*r*^*\ liirtji, tfnf 

III#-? !*#‘'il*iit/i4ii ff*Ilitww| iimwilly liy 

4iii4 I'V lls*-* m'htmt *if llll4ki*M tmrl%\ 

^ t n Up* «fi:Miii-iil ii*4iiiii#J If ri^rteiti ititiilmi 

m*- III itllirtisiiJig tlir rmlity tif kiiiniir 

-1134 tl*r l•4^J«^■rl.|%'p rpglily i.if flii*it flu* 

f<i l*i* tlp» |||«*fw |ililltl#llijl||iritl,* 

Tip’' »ill *4fM*rrp iliiit. jiiirta iif tiiPi*Iiiiiiiri 

#lii*Ti n iitiil,^ **}iiir4 In Iparii’^ iir# ll» imrln 




j| niiM#;* 


M 


*< ;* S* s " ^ riV^ .1 .% ^4 

lliv til^^ *4 ’ «<, Ij. r I 

pf lti«^ r#tlli* 1^#*.%# * f *♦ ! 

Till* l« ai Iferll <r'i 34|#^l«l fji^l, |f. 4 ,#>. s.f 

m ^t|» «l Irml# |'irf'^4«*3-*-.l#. t * jt? c I|trf 

|itlNl» willi liif^' .ffviwiwt I it^m 

summit J* <4 itiJiUj^f lli |#p|»#it Ip lir. M 

itriglii *' ^ 

Th« »iitili«^i»ilirtii *4 lit#' mm 1u%% »r#|#4 

Util ||| III hm i»€ ^|**#»#^ 4 

Ifpfll lltHl fUlifc^ mrnrnmA %m ^hm r4 

ifli# trii4i mpmM itilfe m 4mmtni4mm «l Clf 

Mb »♦«' ll^ «f |fci» 

prtiil Ilf ii#ifwiiil«ii ir<iiti4^ i4 hm n# 

iilii frl#»i^latjr %0B%>‘hm^m 

||#f»fp ^(pww4ig# %m %0m%m'9 Mmmnmtf «4 1^ l-iw^ «f ffiit|i 
lif 1 ^ lif^l fptii^'iip mmmj «i 

AftiW' III# mwf%k$^ ^ tf # 1 #^ llbi 

#f iIn» Brn^l ll^ pm^BBh mmM 

Iti tip fiipp.* mim$ m !• Ifcul mvmm Ifc# ^^1*4# ii» :|i 
f iiiw^ m mm 

«i^fl| All ^ iil#4 mm b ••h «i 

i# iri im tiisfc m4 

ffc«i Ufc# g«i4 iw iif^ lii«i ft fti#|iii^ ^ ^ iif^ 


mm^4 m^rn 1^1 ^ •. Umm 1 ^. * m 
^ 1 ^., ^ m^ Mi« 

. I it^ ^pi, tilt f 

^lif ^ ^ 

^ Aft Ai Mgto ^ ^ ^ 



mmmmtm 



il# «fff iiii ill il« wliirl li# tartli »iiii Ifia iittiit 

limmU. Tlti* 4mmt lutitif ilttwtr aii4 lnii iiilijiwt 'to 

rial'll ft fiitml apt 

til# Aim, 

I'll# i4 lii# tiff* 

li*i. f»l«ifi»t m 

III iJie Ilf m- 

filJuff W©fl#i Ilf »||jr'll 
|.|i«= wtlliiafi filittiaiifi* 
rtm *M »ti# |irt»» 

B l44f. 7 I# 

H^mm mt 

itt III# 

Tfci# I# i»f 

lttl#f^l, ll i# 

li# f#lli tm «lil#li 

ii|#^ It wm imngki I* 

*ti#t 

III I#1 f, 

Jmfmm 1 

lmim% hm f hii m itaiin toil 

to mi #ii l^il to Itoitotti mi Mmm*% Mmm^ 

It Cl^) ^ 

C%tl#i» m lito it lf4%* 0iMrl#t rnmrn to lltt ttiigiiiil t#tt 
mm^ to ife# Wli^» ^ lit if »!#»♦ till to . 

f^wi» Ii fmm$ ttit ibti^ 





I#||ii|4 Up *1 # fi- 

litt |L<^ f- «4 T^-m iM\ 


!!«?#♦ Wijii^l lii t»tP|lli#ii*^ %h0 #:y'f|if*=f#, 







Ill Lr »tl III Illfill, ** I 

h hr llrsH^ *4 pfttiljr *<3il*»i|iliii|| !♦♦ ltit* tirl» «if 

.%is4 l|it'fr.'|iy lliti fiifr# t'pijiilMtr 1*1 

|rc|i* tl^r ssi l,ri 4^fl» Wllfi l.liP fwtt^ tif uriitlly lit ill# 

*4 III** ,s 844 f«tiiif| i}i«^-#ii mmw»r |*ri4t| mmflyJ** 

I l^r 114 ^^^ 144 * 1 # 0%%'itMUrsH «ii5riirfpi| t*i Iillii m'lilb 

l^r 11^ h%» II* l*iiir«#lfw{iirp, mtmm Iwf tiipl giiiii^ tii 

iliAi rupiii III I*iiiiiliri4ii^ 

g4iir% iLife . ** hiff lift uml mltiiif* iti lli« 

li*" I^pII itttrt ^ tjK*^'til«,iitfii $m tfiit jmwrrfif grAtily ; lliil 
m ili»» i» * 1^4 I«*ii!ti4 iliiisitii^liiffl %l lliit r«t|ii»l#«l 

ili# rf^jiSiw *4 itf» **#rlti III wjiinli wii tsii fi^i 
ii#il|ii«'f »i ili» l«|it: *4 till* Iwflip*! intilflttiiii, titir «f#ii #11 tli« 
i4 lip^ intniiilaliiii I tl mppmimi In liii» m^m>^ 

iWit iir# ili^l i|ii« juKuri*#- mm4 ifilierii'i iiiiifli fiflliif 

t^i «"Si tiiii;«iiil.if llw*iglil i ft Ilf iif4^ m liliii m III# iiintiHf mi4 
Im l« tiii».i»il y JIiinI if hm miAmn iiitiil !i# i,tiiiittt«»l. Iif 
III »|p m 9¥mmi in imt iirltii II wm 

rfiii|i«'lnt«| Ilf m $im hy llttf|fiii% tfilltfi 

Wt#«4 Mml ik»i if tliirf t»it (ite iniiiyrt iil 

^ «if m^k i# lo llti iiiiM nf 

II# t$wm iJtai Iwit lliti ll# Ellwitiw 

ifc# i^flfc in# #f lilt ittllf- if iti» 

tsf^ latifir^lf m nf '1^ Tli» ^itiiwy 

•f %hw4 l#w «iw ^»li|(ril m lbil> liiim Tti il»w lb*l 

tfci= '^itt Wm til* ptitti tf to# 


I IL* ftut if „ Him* li* p* III* 

» I 44 II I W. Wi li 

B»u<s M m p 4 1# 

♦ ^ ^it II* t 

» % mm p. p. 

mmmm* ^ 

tlf ^ 


mmmAHtm 


4 *»r nttfilo 


l.ilJ C'^l’-'r* ^ ^ ^ ^ ? Im 'S " ) 1 * i’ i ,;J 

<1^*1 ?. ■• «* -*5e,_?r# * « . v itm 

ir#«l|#4 ll^r. ?. 4 ,., 4 

llifym 4«-^lt4 t;|«-*^ . .^1- f.j |lr«ii |,e 

filll«lllir^4 ||««» f . 1 r..-r^ ii* i4 i%0 

Ili#ti4i«ji4 ^ V’-- ’!>!.<* « 1^ 

I|i0 miilA ‘tMh4f'.g la*, f, li^f 0§ 

tt|W#fW !»■'«.» ■'»,-f5:f'»fi*4. 

;y**-|V l^vgV’i 

l^itl 1^ 

^||fli#i# ill #11 

|%t|i'fir»,^ IdU, f'iS«« |i»4r <*4 l« 

|iii*^l| hmt t#«t^i5|/ il*« «* fiftl?, 1^ 





ir» itHttriiiiiiw wlmt. llwt tirltil i>i ii plaiitil 
if hnt *»f iillra^liiiit m*ri« llmt uf itiviirii^ iijiiarifi* 
livl 1444 ft »iiiiil.;ir fi>r IfiMiki* in II17II| fiiitl 

i*^|4ir4| ill iliiii ii Wim nil rlltj<i^i^» Aft«r liiillny’i vwitf 
IhrmuVn nmv vntuw f»r lint rnrlli’i rinliii8i 
HIkI WIW |ltll« III ilittW ltint| if 

tlir 4iAt ili«i III t!m nfiliir Mynlniii wi*fn in 

gfmt tlii«t iIp'^ iiiinlil ln’f «’«j|4ai4rri»il im tlinii llinlf 

tti<itimi^ III isnlti till’ ttiaiiiititl litw nf gfafilft* 

||i.*lii III llpl5 In* r*itii|ili4i^t lii^ 
tli,iMi"*[rt'rry I tint lliii 

wh*m^ ilmmtif »l wijr y/*^‘ 0 

imlllt tltllf «»ll Ibt? fiii- yf / \ 

laiir# ffiitii liir \ 

|»iiiiirlf» flyi lliinigli it# I yA 1 

^li«|p wrr<" timmnirniml ni | \ I 

tJi# 1 1 Wii« tliiin. |iffi¥iiil \ / 

lii#l lli# f«iw / 

%wm m iJn^ mwm fti '"'k, 


mmu m nf lit# Um nl iimfits* 

%$m, m w. m imrnu^ 

mfmmrn. ^^tll Wh Imt# tmmi ^Im 

fe «»>nhy fw<i>Ht<iiPf, »«#« Hwnigte 
Hi# uiMuMt iw Miii* wiMitt'tis t4 ifc* toftwwwttwii «liWw*d Uwwifte 

thu fimttmmm 0eamMm. 


MWHAXlfM 




w 


li«| A 'I. i -r i ^ 

ih-M-V, iU' 3 ,:.r« ’ -t 1'-?^ ■ . '. ^ c -■ 5 .r^ fe* .3.,.^; I 

ft|.t« 44 f« i-' •?*' 3 j-. • 

ll*. pv^ri-r 4 ...'I ^ ? I'-.JC ^ < i 1 n ^ ^ 

ll's.^ll I I *• *..s|«' V*« .!4'.4"'.?2- ‘‘ '-.- ?•*■■'* >^^ 1 ’'' * • •/■»,*. r , i 4 f g 

rmth I'.I.I,-. fi^rl ■ v; •... K, t •:!' I y 

IV i. 'I 3 ,J«- 5 i; = -«'i-i 2 ■:■•.«• i ..* 1, .;<•-■ ■*■ :.-.^ w.^»--^.:." ‘ 1. fS 1' r .),**!, j* 

r:i4r'i»a li^’-S-i^'^-. 1i;-- . H-:J iiS4 r»,j| %■ ‘fr .f” : f Y •. ! -ft 

|;yV;M!l rj»* 4 i ^ i I - «“■ - '^ ' ^ 

%|4»if3|4 ■< .|?V!:j *:;••»■ 4 ^ Yd',j '/■! I'- < r. _ .., 'i .| '„ 

ill#* lir--.«^#- hf 4 .-5 4T*|/*:'f sli i»«! 1 # ;;| :■ 

ill|/,il 4 ll |#f -tY.iYlYiil#. |.#'1 5 ^.t^ ^1# rf I fi 1 ^ f 

I# a lir ? 1 1- .1 ^ 1 , . ..l-t *#‘'1 A, y| |. 

ill# criiilt# I t.^ r 1 -.vir 1 ^ Vi A «tr|| 

.#f|l«ll V#. V. r-^ I #*r t-rf' yI ft f.tir 

ill# t||^(t»e:'^’f| |wt ir,A fyOdlV 

,I|,V*_V/' ll<f# <ls.-«'i. I, U ».<» '#<, 

W#. '1^1 

■•*.^ Mt^— fi |#r^| 

flltir# Mti, €^» twl'^’s IX# e,8,fn.V, I 3 y# ♦ fj^^ij* 

full# |«#f fmmv^^‘ 4 iw., ||»# 

liW fii ti: •«*!#, ti 

|i#t * 4 t *'tV i ^im% I 

|i|i^ I m*#!# 

in ill# |i«'f ti«psss4 Ip 111# ^ i> |s#/^||i l#Fi 

f«^l ml Pmt* m"*th t%A nmh. I hm^ | ^ |km% III ^ |%^ | 

ft0mrm iW Inw r4 

I ft III# te IV*" , |l«r*4 I . 

t»l,i %m ll%|rf^# im il^ Imm ♦ «4 ##^ii'il%f^#l I#m«ii 

9mph*$mi m III# 

Whm It# %¥^ i|»# 

im M^mm% r^f it # i#i#>i i#f 




111 


wm |nil»ii?itiwl 111 iimr Iiipiltr till* 

O.ir* ’lit- fjf ||n|jr|‘, 

I U,.- !v'. <’»|.|»;»'-ti)»s; 1}|.' Viir»j»tl(»t! ill tin. „f 

fennwn f*%W llir*^if l?f‘lttliril»|| 
..h:-, mmm llifil liiip* liufi Immi 

1,.H -ic, I ^<4 Ihiiti Iiiiiijifi* III tmjllllill 

I,, 1,^11 I,, Ii^^, gnmmL llm i« iii4pf<i ii 

4l5 fc.54|4- ^4^, ^ ^S| rif m'lrlirp. 'r{«|| lIlP fUrifl llllll tJip 

ni'** .w« ^«|^44 r>i%rh pliirr llir«Pigli riiifAy wjutrif, willitiiil |.|iif 

4. I %4 i^sr 4 ss 3 i|j |si^t»wn tlirfii Ilf ^11 rriiiiiifl i|||| lIlPllI, 

i^firsp's'^U filpi II sllftirtill |«i |i#*I|ptin Xit itilli* iltiPfi*i| 
4l1.W34*-fi U» t*i %4plt lilt illk itllljft|!|, 

|4:>| |,iv }^^Unr%r 111 ** ml » *li%tiitii»p/‘ fir ill iJiif tilrm lliiil 

I',. 4 .i #4 ^ 4 i$ i*rt %'liPtP II w liwl? Ill H Ip|t#r III llflllllltj fill 

ii .» \ 4 

■■ iy%f%iy »!h 4 s 4 »| !*» iniiat**, »fit) (« 

>,■.4*1*’!, »/. !l,4i .,Uf> Iw.lj limy jM-t Hjw.n i*t, a <ii«ltuiw* 

wiib«»iil till* ininiiiatiiiii »»f by 

«».! ibr«*wili wbtrb i.bi»ir iriinn tiiiil ft»m' may Iw* 

Mti» i« <*«.»lb»r, in to nii* mt mm >i}.»iirilt»y that I 
tut mmtf mhu hmt ia iim!b*r» a *’«inij«>toHt 

Iv hU' t‘l ihiuktHg *•«« «t»r fall into,*** 

y*'* 51 ... ..|,|«M»to batiBf hM mitnaliin^a ItuMfi a>inril*f*(l b> 
St-nv-tt 1)i« tb«rtnito 04 itrtim at n iltHtaiii'*! ba,>» f»<r ito 
ml ?»V*toi|,liM| fioffmr tJh/0M (tfW’J 17 Ui), tt-bi* 

III* •illto,* ul’ Ilia iit I7i;i au4 tbo 

»|♦**S|■tw» III bi* Wli«^ latof l.bi» i^bibum^by 

I Hm* M W^tt, «f> HI ,p- l#i&- 

• M IfcMixy. Veil, I. , |f. W ; fV«ii. »/ tfftful M-ir. ttf Lutmitut, 

Vwl Jr .^t iiWwitof j«iMMiaii«»l»''*ta Ifewitiw 

I.h, tifguk*. 04mtim tc. n . abM t%U Tt^tm. AW,, V»4. t, 

p. itf, n *» , t«i!i mt t,f Mttpa Vmi. m , p. urn, 

•fit. 
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gained ground in Europe, it W 2 i>s tlie opinion of Cotes, rather 
than that of Newton, which prevailed.^ 

Proceeding to the mechanics of liquids and gases, we begin 
with researches on liquid pressure by Blaise Pascal (1623- 
1662), who is celebrated not only as a precocious mathemati- 
cian and as the author of the Provincial Letters^ but also as a 
physicist. He was born at Clermont in Auvergne. In his 
brief TraiU de V4quilibre 'des liqueurs,^ written in 1653 and first 
pubhshed in 1663, one year after his death, he enunciates the 
law, known as “Pascal’s Law,” that the pressure exerted upon 
a liquid is transmitted undiminished in all directions and acts 
with the same force on all equal surfaces in a direction at right 
angles to them. He shows by experiments identical with 
those carried out in our modern laboratories with Masson’s 

1 C. Maxwell, Lecture “ On Action at a Distance,” Nature^ VoL VII, 
1872-73, p. 325. Cotes’s preface is given in Sir Isaac Newton's Principia 
r^rintedfor Sir William Thomson and Hugh Blackburn^ Glasgow, 1871. 
Our inability to explain gravity is not due to want of attempts. The 
first important effort in this line was made by C. Huyoens in his Biscotirs 
sur la cause de la pesanteur^ part of which was written after the appear- 
ance of Newton’s Pnjicipia in 1687. A German translation of the X>i$~ 
cours has been brought out by Rulolp Mewes, Berlin, 1896. A mechani- 
cal gravitation theory was advanced by C. Le Sage, bom at Geneva in 
17M. See Le Sage, “ Lucrbce Newtonien,” Memoires de V Academic des 
Sdmees^ Berlin, 1782, pp. 404-432. He teaches that gravity is caused by 
streams of atoms coming in all directions from space. Later speculations 
on the cause of gravity were made by ClerJcMaxwelh Lord Kelvin, CPsen- 
Jcrdke, Bm^rdBwmam, Leonhard Euler, N v, Bellingshausen, Tolver 
Preston, Adatbert Rysdneck, Paul du Bois-Beymond, Vaschy, Schramm, 
Anderson, MbUer, and others. For critical and historical summaries, see 
C. ISENKEAHE, « IJeber die Zuriieifiihxung der Schwere auf Absorption ” 
mZeitsch. f. Math, and Physih, 1892, Suppl, pp. 163-204: B. Toltbe 
^STOE, “Comparative Review of some Dynamical Theories of Gravita- 
faon,’ Philosophical Magarim, (6) Vol. 39, 1895, pp. 145 et seq • W B 
^^^ 20 ^ 2 ^^"^" Gravitation,” BmUUonian BepUmi 

2 (Kuvres Computes de Blaise Pascal, Fads, 1866, Vol. HI. , pp. 83-98 
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raise water higlier than about thirtj-ilu’ee Ife remarked 

that the horror vami was a force wliich had its liiaitaiioim ami 
could be ineasunid. That air has weight Itf^ couviru'ed hiniHdf 
by the difference in weight of a glans halhion filled with air 
under ordinary pressure and tlnen with air under high press- 
ured lie estimated the density of air to \m 4iK) iini«!s Um 
than that of water, 

ThiiB Galileo knew (1) that air has weight; Im knew also 
(2) what the resistance to a vmmum” was wlien uieaHurad liy 
the height of a water column, and also when fi«d4*riiiined by 
the weight against a piston. Hut the two ideas dwidfc Hcpii- 
rately in his inindd It remained for his pupil Torricadli to 
vary the experiments^ to unite and tnt4!rweave the two ideas, 
and to phme air in the list of j»ressurivexerting fluids. 

Evart/jdiHta TorrimUt (160H-1647} began his niafJheinatkal 
studies in a Jesuit sduml, and continued them umler Ikmwliet 
Castelli at Rome. He made himself familiar with ClalilecJs 
■writings, and ptiblislied sonn^ articles on meehmnics, Galileo 
was anxious to become aeqwaintiid with the author of these 
tracts and pressed Torricelli to join him at Florence. He 
accepted the invitation, and it is said that hi« society and 
conversation contributed greatly to scmthe the lm% days of the 
blind physicist Galileo died throe monthi later, (lalilto^ 
patron, the GrMid Buk© of Tuscany, nitdii Torricelli ClaliloO'^ 
successor as protesior of mathematics at the Aeciidcmia. 

Tomcelli devised the scheme of determinitig ill© resistance 
of a vaenum by a vertidd column of ineroury, which lie #«- 
pected to lie about the length of the eorresiioiiditig water 
column. The ^^Torrieellmn experiments^ was carritil out in 
1643 in ■ Florence Vinemm VMmu (1622-lT6;i), who at 

^ 0$mai^$ Klm$ik$r, Mo. II, p. TL ateo Mack, . dl., ]p. III- 

114 

* Mao«, In ¥c4 6, liM, p. 176. 
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Pascal rewoned tlmt, 5f the menniry cnhimn was held up 
simply by the pressure of the air, tlieii tla* eahmm cuiglit to Imi 
shorter at a high altitude* lie tried it m\ a (diurel^HtitepIe in 
Paris, but desiring more decisive results, he wriite to hig 
brother-in-law to try the ex|a»riinf*ut on the Piiy de Ddmii, a 
high mountain in Auvergne. Th«.we wm a ciif ereneii uf ihra# 
inches in the height of the mereury, ** wliieli ravished us with 
admiration and astonishmeiit/’ Paseal re|M»ated the Torri* 
cellian experiment, using red wine anti a gians tiilM:* fiirty-iix 
feet long. (Evidently glass tubing hmi Ig^eoiiie imire jdiiiitiftiL) 
He exjmrimimted with the siplitin, and explained ita theory* 
A balloon, half full of air, was fouml l4i iijifgtiir inflatel on 
being taken tip on a moiintiiin, and tii flatten again, gnaiimlly,. 
during the daseani 

The dcKdririe of the fmrmr ■mrmi wjis overlliitiwii ih^gh 
experirmmbil raseiinjh in Italy and Praiiee. A of 

the process Umk plmm in Clitrinany. The early „wcirk of thi., 
(Jennan investigator wim carried on indeiatiiiletiily* (Mip wi 
OumcM eainii of ii pwiiiineiil fiiniily in Migii.' 

burg. H© studied at iteriimii uni verst tits, also at lay den, 
then travelled in Kiigland ami Fmiteii. In tlio ©oiitii of ttit 
Thirty Yeaw^ Wiir M-apltliiirg wm dtfvnatated in 1631, wnd 
(Jiieriekii and his family Imrely tif*api!fl wllJi Ihtir Item Ijilir 
he Mrnad a Ilviililiocst a« tiiginww in iliit army of Cliiitoftii 
Adolphui. In 164f Ii© btoafii© tairgomaster of Magdtitiirf* 

Th© disimtaticins ri^rding the vamitini ittialt hi in eiirlmts to 
iad out thf fMts ©ipri»®iiliilly* Iteys lit, #1#. 

of words, or skill in lifipiilalioii ataili iiitihing lit 
itld of natural In imi lit ©ompltted Iht stiam 

ieript for Iiii work 3$ wmm but ll wm tt^ publiiW: 
mtil lim* 

^ Hi# work awwto of Ibmls, eg whi^ Ii# ikiid Mittiiii toi 
twirl exprittinto iwl i#ta wtiiiliy tail te ^twii -iwrtl*. ' ' 
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ihmrkki!^ lc^»lc a light wiiHH*4i«ky full of water, and 
glti»iiiHf#fi til the with a braHB pump applied 

to ilii* emh Hut the- hitiidw and iron screws holding 

the }iiiiiifi to Ilii* inmk ga%Hi way. It was attacdied more 
iei'iiridy, llieii iliree strciiig iiinii pulling at the piston at 
Imi iiiecewtetl in drawing out the water. Thereupon a noise 
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The leaky -wooden cask was replarted by a copper globe, 
then water and air were drawn out as before. At first the 
piston moved easily, but later the strength of two men (iould 
hardly move it, when “suddenly with a loud clap and to the 
terror of all” the sphere collapsed. A more massive and 
more exactly spherical mebillic vessel, Fig. 9, was secured 
and exhausted. “On opening the stop-cock the air rushed 
with such force into the copper globe, as if it wanted to drag 
to itself a person near by. Though you held your face at con- 
siderable distance, your breath was taken away ; indeeti, you 
could not hold your hand over the stoj^cock without danger 
that it would be violently forced down.” 

Guericke next invented air-pumps, the first form of which 
is illustrated in Fig. 10. Its tap with the stoji-cock was 
detachable, so that ol)ject8 to be experimented u|)on might 
be placed in the receiver. As an extra pretsaution against 
leakage, the stop-cock was made to stand under water which 
was poured into the conical vessel. Numerous experiments 
were made with this pump. A clock in a vacuum rnmnot be 
heard to strike ; a flame dies out in it ; a bird ojiejis its bill 
wide, struggles for air, and dies *, fishes i»rish ; grapes can be 
preserved six months in vacuo. A long tube, connected with 
an exhausted globe above and dipping in water below, was his 
water barometer. He explains the rise of the water in the 
tube by the pressure of the air. He observes fluctuations in 
the height of the water column ami uses the instrument for 
weather predictions. A miniature man of wood, floatiiiig on 
the water, moved up and down inside the tube and his 
finger indicated the pressure of the air at my moment. 
Guericke’s experiment of weighing a re<teiver, first when full 
of air and again when exhausted, has held its place in fl(v 
ment£^ books. The same is true of his “Magdeburg hemi- 
spheres.” He cons^oted such hemispheres, about IS ft. In 
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diameterj anri inadf* a ti’Ht in in/i-l at. 
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They were pulled apart only after applying Hixieiui horses, 
four pairs on each hemisphere. His book eontaiiiK a large 
engraving, naively illustrating how ilia was 

made. 

On that occasion Guericke made other experiments, and he 
happened to assert that if you were to blow your l>reatli into 
a large exhausted receiver, you would tliat moniant breailit! 
your last. The truth of this iK^ing doubif*d, ha llhistratad 
the power of “suction’’ by a new ex|H!riniarit. A eylindcir 
of a large pump had a rope attached to its pishin, wliich l(»d 
over a pulley and was divided ink) branches on which twenty 
or thirty men could pull. As sesm as tlia cylinder wm con- 
nected with an exhausted raccivt^r, Urn piston wm suddenly 
pushed down by the atmospheric pressure and the man at 
the ropes were thrown forward. 

It was on this o<’.casion that (hiaric^ke heard for the first lima 
of the Torricellian experiments nuwle eleven years earlier.* 

In England the mechanics of the air was first sttidied by 
Robert Boyle (1627-1691). He wm knn at liistnorii Castle 
in Ireland. In his atitobiogmphy he sjHrnks of “ bis ae/|tiaint- 
anee with some children of his own age, whose stuttering Imbi- 
tude he so long eounterfeitad that at last he contrartted it ; ” 
diverse cures “were tried with as mindi sueeosslessness as 
diligence.” ^ After spending nearly four years at Eton College, 
he left in 16tl8 for the Continent. At (taneva, one night, a 
terrific thunder-storm made him fear that the day of jitdg- 

1 A pfcir of 0ufrleke’i “Marburg hemiiplierti ’’ wem m erliiW- 
Moa at the Columbian Exp«iitlon. A» to llwi fat# d (laericki’i 
m^glaal alivpump, ooiisult 0. la dnmlmf lt» 

Edge, M, IStl, 7M-7^. Chitrleke li »dii to liaw ifient 
toder for apj^ratus., 

® TTW' Forfe of EomuraMs Bi^kf In five voltim^ to whfch 

is prefixed the life d the Atttom*, eii^ % 

17^, ¥oL L, p* 6 (of bfc^p»pliy)* 
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ment was at hand. At tliis Hum he, i*fiiiv«rt:i*cl to 

religion, and niany of Iuh latiT writings an* on iltoology. 

On his return honn% in ld4>h a youth <*f eight«s‘ti^ lie foiiiifl 

the country in great eonfu8i<iiM ne.vtirtheltfSfi li«' ret^eiveil ii 
strong im|)etu8 for Hcientitie reseandi from the iiieeiingfi in 
London, in of a idiiloHophit^al noeiety, lutnmhle 

College, m he called it, — whi(*h aftor the liesturalioii wim 

ineor|>orate{l as the Itoyal HcKuety. In ht^ Meit4efl at 

Oxford, wlie^re he i^re(44ul i% lalKiratory, ke}ii niffiiriil i.iji«4riil4*ri 
at work, and engaged iiolHfrt IliKike as liis c‘heitii<ml iiiitsliiiii* 
After reading of Uuerie.ke^s air>*|Hunji, he let llookit iittike a 
less (dumsy i>unil>, whicli was coinjileled in. IIBlh ku early m 
1660 .Boyle published his Nem E^jnef^rimmU . , . imekhaj ifm 
Spring of the Ain 

He left ()xford for Lc.>iidon in 'I66H. For Lirty pmm lie 
was in feeble hctaltln .His memory was mi trenelo*roiis Itial 
he was often tempted bi almndcm study, yet he was ii ¥oliiinb 
nous writer, and iKWBessed an immense re|Hit:aii«iii l«>t}i iit iiofiie 
and abroaiL Before 111117 he piiriamely refrained from •*aiirb 
ously and orderly rmlirigthe wcirks of Ciimsmiiti, lleaimrltia, 
or Francis Ikmon, *Hliat 1 iiiiglit not l.je »tif 

theory or priiiciplei till 1 sortie time in trying wttal 

things tlieiiiitd¥«»» would iticlitm me to tliink,’^® 

Itoyle placed the lairoiiiater in the mieiviir f.if lliii tir*|iiiiti|# 
and oteerveil the ebiillitioii of liimted lir|iiid» and llie freezing 
of water on ixliauatioti. 


»■ m » (S' ■ f ' 4# - ' ' 

would proWily ti«ver havo diwtovor#*! tli« law tdM 

name. Fmiieimsm Linm, profeimor at in tli»* Nelhnr- 






* See aitiole “ Boyte, ttoneit,” in Die. Nut. ttktg. 

* Workt, Vot t, p. 194. 
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the air is very insuffieient to pt^rform etieh great matters as 
the counterpoising of a in(‘rcurial cylinder 29 itudies; he 
claimed to liave found that the lafU’ciiry hangs by invisible 
threads (fmikuli) from the upper end of tlm tube, and to have 
felt them when ctlosed the n|)per eml of the tul>e with 
his finger. This eritiedsin incited Boyle to renewed reHcarch. 

shall now endeavour to nmnifcHt liy exptu’irnentH pur- 
posely made, that tht^ spring of the air is c’apalde of doing far 
more than it is necessary for us to ascribe to it, to solve the 
phamomena of tlie Torricellian experiment/- * ** We took then 

a long glass tube, which by a (lext4*rous hand and the help of a 
lamp was in sutdi a manner (^ro<»ked at thi! biitiom, that the 
part turned up wjib almost parallel to the n*st of the tube and, 
the orifice of this shortt^r h»g . . . being hermetically sealed, 
the length of it was divided into inches (ea<tli of which was 
divided into eight |)arts) by a straight list of pa|)er, wliieh 
containing tliose divisions, was eariTnlly |)asted all along it” 
A similar strip of l>aper was patstotl on the longer leg. Then 
^^as much fpiieksilver as served to fill the aresh or tencled part 
of the siphon ” was iK>urad in so as to be at the same height 
in both legs. ^^This done, we iMsgim pouring C|«ieksilver into 
the longer leg . . . till the air in the shorter leg was by mm- 
densation reduced to take up lint liiilf the s|>iMie it posscmisl 
* . . we cast our eyes upon the longer If»g of t!ii! glass . . . 
and we obiarved, not without delight and satisfaittioii, that 
the quicksilver in that longer part of the tube wm 29 inches 
higher than the other.” This tuk^ was broken by iKxsident, 
and a new one, atout eight feet long, wii» prepared. It wm 
too long to lii Iliad in his ahainlier, m ho took it on a pair 
of stairs” and susimnded it by itriiigi so it ilkt ncwce 
touch the tox”' plm^ undarnaaili. l^r mnmm hm than one 


^ m » I>d»nm s^iiit IW, r#rif, m h, p. m 
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atmospliere werc» also obtained. Altogether he subjected the 
encloHid air to |»resHun»H varying from 1| inches of morenry 
to iiHdies, [Jassing froiti one OKtrerno to the other in. 

about forty ami (‘very time (comparing the observed 

pr(*H.sur(*H with what they .should a(^<ior(ling to the liyj3othe- 
BiH that Hupp<JS(!s tin* prcmnurc^s and ex{)anHionB to be in recipro- 
cal pr<»portion.’^ 'fhe ol)8(mved and theoretical values agree 
fairly W(dL 

In IGdb Hoyle published his Ih/drodatiml Paradoxes, in 
wluch he iak<*s [lains to refutt^ tlu^ old dexitrine that a 
light liquid can (;xert no pnmsure agaimst a heavier liquid. 
That siudi nd’niaiiouH B(*cuu(id necsessary at so late a date 
iiidifjates the slow jtHsinnlatiun of correcit ideas on fluid 
pressure. 

Boyle^s T^aw was rcdiHeovered indcqjendcmtly, fourteen 
y(*ars after Hcyltt’s |iubli(‘ation of it, by the |)r()ininent French 
physieisti Edmf^ ManoUe (1620-1684). In I<h*aiK5e it is always 
(:alle(l ^* Marioitii»’H Law.’^* M'arioto published it in his trea- 
tise, Hut ia nuittM de lUdr, 1676. 11(4 says, We employed a 
tuteof 40 inches, wldeh I filled with m(3rcury up to 27| inches, 
12| inches of air being left, whkdi, being plunged 1 inch into 
a vessel of niifrimry, leaving 36 irndios above, contained 14 
inches of iiienuiry ami 26 indies of air expanded to double its 
Hy rcfs^atisl ex|Mirimcnl4ition it becanie sufficiently 
iwhleiit fclial oin» iniiy take it as a cartein rule or law of nature 
tliat air coiiclitnses in proportion to the weiglit by which it is 
Hii Iiiwl a dearer realimtion of the importance of 
this law tliaii had Boyle. 

* Maiiiis* in Ills krg# Mi»Udr§ de$ Mkmm Math* $6 P%#i, Tel. IT., 
ISS4, |i|i. gifci itii mmiint of Beyl# wiffient mentionlmg the law 

ill that eeiiniiciioii. Marliaie b r#pr#«iitiiM as the soli dlicof iter (p. 176). 
Till; i«ii» mumm h folliiwwl bf A. Liaailii hhMi$U}k$ FMlmopMqmi 0 $ 
tm Fkrnkm, Fmk, 1810, Tol IL, pp. 1114-140, 106. 
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To Marietta in attribntad tha iiiHtaiiratioii of experimental 
physicB in France. Ab Boyle was prominani in the, orgaiiiziir 
tion of the .Royal Bociety <if Loiulon, bo Mariotte wj'iw one of 
the first and leading niemlM^rs (*f th«^ .Aeaileinie den 
founded in 1660. By (sandully ineasnring tln^ Indght of the 
mercury column in a deep cellar, and tlnm at tlie newly biiill 
astronomitial observatory, locgited on Idgh groiiinl in IhiriSi 
lie obtained an approximate ftirinula for estimating height 
by the barometer. Ho wroRt aii iinportiint article on per* 
cuBsion. 

.In 1.674 Dfmw Papiti dencrikHl an air-pi.ni.i|> in which the 
flask-like recepta(.de witli a stofK*>CM‘k, siiclt as hm.i been em- 
ployed by Guericke and Boyle, was ri^plainnl liy a ijlate and 
bell glass. The credit for this iniprovanifmi is usually given 
to Papin, but he himself ascrilms it to HuygetiH, who is now 
known to have nunle this desirable innovation in 1661.* 
Papin was. a^d>wpil and assistant to Huygens. 

In tht itndy of falling biKlies and the inotions of proJiic.5tiles 
the resistonce of the air hi^ always eonipliciated the plierioniin^ 
haa 
crit 
for 
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far to tlie wcstwaNl.^ But the Inillots could not be found! 
DescartOH, tin*. FroiH'.h oracle of the time, was consulted, and 
be serioimly n‘|)lk»<l that; the bullets had received such intense 
velocity that tiicy lost thcrir weight and flew away from the earth. 

Newtoidg jn*c](li(*.tlon applied, not to a body rising and then 
falling, blit to falling from rest. The experiment was 
tried by his c^ontemporary, Robert Iloalce, who reported 'to the 
Royal 8o(dcdy that he <‘liad found the hall in every one of the 
said ex|u»rimciit8 fall to the southeast of the perpendicular 
point found l>y the same hall hanging perpendicular.^^ The 
cxperinicntH were mrule in the open air, and tlie results were 
somewhat iliseordant. But,’^ says llooko, within doors it 
suc<;eeded also.^’^ The strange southerly component of the 
deviation was probably ascribed to errors of observation, but 
careful eKpeririauitH made liy G, 11 QugUehnini in 1791 from a 
tower at Bolognii, by J, F. Bmzmiberrj in 1802 from St. 
Michiad’H tower in Hatnhurg, and by F. Iteich ip 1831 down 
a miiio nliaft at Fridberg in Haxciny, all showed, in addition to 
the proilictod easterly deviation, also a small southerly dis- 
placement. For ill is no satisfactory exi>lanation has yet been 
givcii.^ 

In projectiliiH the mutual patli, as represented by the ballistic 
eiirvci, deviate corisideraWy from Oalileo’s parabolas. It is 
matliainatitmlly almost unmanageable. The path appears in 
the rtorthisrn heinkiihara to \m slightly bent to the right, owing 

* If dtoirhaiicM due to the atooiiphera are negligible, then the bullets 
ilieaM Ml sttiall ilintaiicii to the west. Bee W* FKitEEi., A Popular 
mmm nm the Winik, Haw Y(»rk, 18B9, p. 88. 

* of tk$ Uoyal London, 17C7, Tol IIL, p. 519^ 

ToL IV,, p. 6. See lUnn, An Mmuy m NewUmh PrineipiaP pp. 
i#a, 1411, im 

* l%ffc IIL, pp. 97t 4S2-4S7, J. Y. W. Q-eohau, MiB- 
£iMmiMun 0 d$f Lehm mm L%ftwidermnd$f Dandg, 1868, pp» 
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to the rotation of the earth. Thai the resintanee of the air 
complicates th(‘ path of a rotating .s|>here is known to every 
base-ball or tennis player.^ 

LIGHT 

The law of refraction was (lisc'cnairad by Wili^hmrd 8neU 
(1591“-1B2(>), professor of inechanicH at Laydein He never 
published his discovery, hut Huygens and Voss 

claim to have examined HnelTs manuscript Ha stiitecl the 
law in inconvenient form as follows: For the same media the 
ratio of the coseeauts of tin? angle of incidanee and of refrae- 
tion retains always the same value* As the cosecants vary 
inversely ^la the sines, the equivalence of this to the modem, 
form liecomcH evid(*nt. As far as known, Snell did not attempt 
a theoretical dcHlue.tion of the law, but he verified it experi- 
mentally* Tlic law of sines, as found in modern Immki, was 
given by Dpmwtm in his Iai lymptrlqm^ 1637, He does not 
mention Sntdl, and prohaldy fiiscovered the law indepeiiditt.tiiy.^ 
Descartes made no exi>erimcnts, but dedueed the law theoreti- 
cally from the following assumptions: (1) the viloeity of light 
is greater in a denser lucdinm (now known to h« wtoOf)| 

J For the em^ot of th«5 earth’s rotatlim, emiwilt F«aii»t*, ep* e#*, p. 80 ; 
Foibsom, J(mm. ^eoh Pnlytpehniqm, XXVL, im In XXWtU 

1SS9, Foi8fi(>s eonslderi the efect of their rotation In tit# air, Bti ali» 
Magsos, Ppggmuhrg Anmlm, LIXXVIIL, IW, p. I, 

^ Various opinions have hmn hthl on tliis point, Voh IL, 

pp* 60, 7S, argtte# ,ift favour of tlii Iwdirpufleiit titeovtiy ; F<j«ifiiits»W| 
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(li) for ilio suiiii* jrii‘4ia Itavc^ tho name ratio for 

all of iin'idfiioi* ; (,'l) tho, vrioriiy ocHoiHmoiiti [)arallol io 

llir r«*fra«iiini Hiirfaoo miuuiiH uiH^haiigod during refnud.ioii 
(now known to !*«* wnatgn i'mproi>ability (jf tho rorroc.i* 

noHH of iliOHo a:HMtUii|»tionH bniught about attJwdiB upon iho 
dinnoiiHtnitioii from tJio inaUifuuatitdan Krnnai and (ddnu’H, 
Format ilrflin*'*‘d tho law from tho, aHHumption that light 
travidn from a puini in tmo nu'diuiu to a point in anotlun’ 
iitwiinifi in tbi* IraHi timt% ami that tho v<d<miiy in Iobh in thr 
doiiHor iiir'»diiiliid 

A grt»at ai‘!iio%a*ini*nt of tin* HovontcnnlJi mmtury wan tlu^ 
diimovorj of iho gradual propagathm of light Proviaimlj itn 
sporii w'a.H imnally mippownl Up Ik* inlinitt*. dim tirnt attnmpi 
iiii*aHiiro tlir^ vidority wan nnulr by (UtUlvn} Ho aHrortaiund 
tilt! timo ri*«|iiiriHl for a porBon A to nignal witli a lantorn to li 
and rondvi! bark a nignal from H, Thin wan trim! in night 
tiim% wdion tin* two worn Htatioimd tdcmr tt)gotin‘i\ 

and alKci ivlmn ihoy wort! nmrly a nitln apart If a difformita! 
ill tiinn ooifbt bn ilidooitfik thnri Hglit would t.mvol with finite^ 
vidoidfy, lliililro wsm not ablo to H6t.U« tbo quoHiion from hin 
0 X|i#»riii«*nis. Hut lio tinnlo a Hiiggontion on a wholly dilferont 
prcibliuri wliicli imridfiitally kd aiiotlmr in vnuti gator to 
Hii roriiiirkoil lliai iJio IVriptont diaappniirant .50 of ifitjntor’B 
iMfliind llit might Im^ imulntoimrvijin loiigittuli 
(letmiiiniitifiiin.. Alawit 11142 tlio Italian iwitroiiomor, Omvmmi 
otii* of & iiiiitilior of groat iokintiiti cmllml 
to Paris by Lmiin X I V*| iiitilortiolc a prolongid study of tliii 
♦loviiiii Almit thirty yoars latter a young Dani% Oktf 

(Ili'H-ITHb# itiiltiotfl to mUM in l\m. Hii witi a 
iialifitof Aarliiii anti hinl iltidiotl at Clojatttliiigitm At Park lit 

* Mmmmmmn., I^IL, p. 114* 

* 0»im§M*€ No, 11, it, #. 
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observed; together with Jean Picardy the eclipses of Jupiter’s 
moons. It was noticed that the times of revolution of these 
moons in their orbits were not the same at all periods of the 
year, and were greater than the average when the apparent 
si 2 e of Jupiter was diminishing. Considering it in the highest 
degree improbable that the actual motions should be afieeted 
with any inequality of this sort, Itbrner became convinced 
that the observed irregularities must be explained on the sup- 
position that the velocity of light is finite. In September, 
1676, Romer stated to the French Academy of Sciences that 
in l!{ovember next the eclipses of the first satellite would be 
about ten minutes later than the time gotten from computa- 
tions based on the observations of the preceding August, and 
that the discrepancy could be explained by assuming that it 
took time for light to come from Jupiter to the earth. On 
November 9 an eclipse took place at 5 h. 35 ni. 45 s., while 
by computation it should have been at 5 h. m. 46 s. On 
ISfovemher 22 he explained his theory to the Academy more 
fully, and said that it required light 22 minutes to crass the 
earth’s orbit. (The more correct value is now known to be 
16 minutes and 36 seconds.) The Academy did not at once 
accept Rbmer’s theory. Picard favoured it, but Cassini did 
not. R5mer had based his computation on the first satellite, 
and he frankly stated that similar calculations from ohser- 
vations on the three other moons would not have led to suc- 
cess. In Cassini’s mind this fact operated strongly a^nst the 
acceptance of Romer’s explanation. Regarding the behaviour 
of these three bodies, E5mer could only say that they have 
irregularities not yet determined.” In 1680 Oaasini pmblithid 
improved ephemerides of Jupiter’s moons, but made mo 
tion of R5mer’s hypothesis. 

The young Dane’s fame increased to such an extent that 
he was made tutor to the Dauphin, and in 1$S1 ChrlstiaE 


LIGHT 


79 


called him to I)(mmark as astronomer-royal. After Rdmer^s 
return to his native country coiifidenco in his theory waned 
at Paris. It is not known how much more ho worked on the 
problem, and whether he removed the objection arising in 
connection with the other moons. He left behind many as- 
tronomical observations, nearly all of which were destroyed 
by the lire whi(*h (hwastated the town of (lopenliagen in 1728.^ 
In England RfimeEs theory was onthusiaBtically supported 
by Edmund Halh^y and verified iji an unexpected manner 
by Jaman Brwllmj (1693-1702), then Savilian Professor of 
Astronomy at Oxford. While endeavouring to determine the 
parallax of a star, he was surprised to find that its displace- 
ment wm not at all as he expected it to be. He had almost 
despaired of being able to explain this, when an unexpected 
light fell n|> 0 n him. ^^Accompanying a pleasure party in a 
sail on the Tliames one day about Beptember, 1728, he noticed 
that the wind seemed to shift each time that the boat put 
about, and a question put to the boatman brought the (to him) 
significant reply tliat the changes in direction of the vane at 
the top of the mast were merely due to changes in the boat’s 
course, the wind rmnaining steady throughout This was the 
clue lie needed. He divined at once that the progressive 
transmission of light, combined with the advance of the earth 
in its orbit, must cause an annual shifting of the direction 
in which the heavenly todies are seen by an amount depend- 
ing upon tlie ratio of tli© two velocities.”^ From the value 
of this aberration of light” Bradley estimated that solar rays 
reach the earth in 8 m. 13 s. This value was more nearly 
correct than Edmer’s 11 m., determined half a eentuig^ earlier. 

■ * Wt liavi used m article on Olaf RUmerhy At»x. WimKiCEi, Z$it$ch. 
/. Mmh. II. Fkmih Vol M, ISSO, lllst. Ahthell, 1-4 j ateo W. 0oa»aoE, 

in mmm, WL 17, 1ST7, p. m 
* ** Bradtey, to Ncut, Biog. 
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Thus Bradley verified Tomer’s theory, and the gradual propa- 
gation of light came to be accepted as an established fact. 

At a meeting of the French Academy of Sciences, in 1678, 
in the presence of Koiner, Cassini, and others, a remarkable 
paper on the theory of light was presented by Christian Huy- 
gens (1629-16%). He was a native of The Hague, and had 
studied at the university in Leyden. The perusal of some of 
his earliest mathematical theorems led Descartes to predict his 
future greatness. He was induced by Louis XIV. to settle in 
Paris, where he remained from 1666 to 1681. Like his great 
contemporaries, Hewton and Leibniz, Huygens never married. 

Huygens’s TraiU de la lumi^re, of 1678, referred to above, 
was printed in 1690.^ It is the earliest important attempt at 

an exposition of the wave theory 
of light. Before Huygens, a 
rough outline of such a theory 
had been given in 1665, by 
Eobert Hooke. Huygens de- 
velops the important principle, 
known by his name, relating 
to , the propagation of waves. 
Around each particle of a vi- 
brating medium as a centre, a 
wave is formed. Thus, if, in Fig. 11, JDCF is a spherical wave 
which starts from A as centre, then a particle B within this 
sphere will be the centre of a special wave KCLj touching 
DGF at C. In the same way every other particle inside the 
sphere DOL forms a wave of its own. All these innumerahle 
feeble wavelets are spheres, each touching DOL at one point, 
and contributing to its formation. Huygens assumes the 



Fig. 11. 


1 Eepxinted in German translation in OstwaWs Klasdherf To. 20. 
Consult also (JStwres Completes de CfTiristiadn Hifygens, puhlicies par U 
Societi Mbllandaise des, Sciences^ La Haye, 1888-1895. 
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exlntenvi* of an all-porvadiiig othca*, an<l oxpljtin.s ndlootJoii Jind 
ridraotioii i>f llKlit Iry tlH‘. wava Malory in iha niannar ciirnnii in 
nirHlani Aiinos}diari(i rcd’rat’Uoiij and iln^ marv(dH of 

dotdila rofracdion in iha Ic'cdaiid Hpar^ aro dwcdt npon. 'FliiH 
divinion of a ray wan lir.Ht <}ha(*rv(‘d in hadand Hpar in KUiO, 
by H(ttihofutn.% (d’ (’op(ndiag(nn Ilnyf^nnH gav«^ tin* 

nud Inni of rfjfiHlriK'tinK path (d' tdn^ cmlinary a,n<l (extraor- 
dinary ra\% and (tbHcrvc*d that tlneHie raya wco’ce polariznd. life 
aHKUinctl tine viliration.s in tint id.har to bo longitudinal, an in 
armnd, and wax, tln*rnfori‘, not abln to (*x plain tine Hkango 
phoinnntaion <d‘ pidarixatitai. Kor (aadd In*, by Iuh thaory, 
explain tin* origin (d' oobjiirH. H(e (nubeavounul to dodiioo frinn 
tine wave. iln*ory tin* fa(d. that Hglit travidn rncdaliinearly iti a 
ho!nognrn*oin4 iiif*diitiin Ilia argmnnnt wan not aonaltmivie. 
'rito main raaKim why Ninvtori r«*j(Hd.(?d tlm undiilabny tineory 
wan ita appar(*nt inalnlity to (*xidain Hatinfmetorily wliy light 
irav**!H in liiraiglii linoH. N«nvlou thrtew ilm wteight of Ida 
gr(*at antliority on tfn* Hide of tine luniMHion thoory, and for 
ovar a (amiury lluygmiH^H idem warn laid mUlo and tmglcHeto'L 
Noiwiilmtanding KinvtoidH inlvonacy of a thaory now known 
to Imi arniiiaoisi<ii Idu rimoarcdnm on light am of tho great* 
est iiti|>orl:iiiii‘«», and givo ovidenae of oxtmordiiiiiry powtirs, 
KewtoidH iimi oIimerviitiornH are on eoronas, lunl daiii binek to 
hs» litwloiti diiy.ii in IfkM. Later (»oine Ida experiments cm 
dm|H*raioii. **111 tliii year llkHi (at whicdi timo I apfilicicl 
iiiyaelf to the grinding of opiiek glaaana of otlwr figiiriia tlmn 
ijdiericali f procnired inn a triangular glana prism to try tliire» 
with the eididiriiied jilmnomena of eolottrsd^ 

Ttio fortiiation of oolowrs from white liglit hitd lioiiti obiiirrid 
long ago, AViimc A.th) »{mke of the idimlityof fain- 

bow mloiirs iiitil llioiii formed by tim iidgwi of ii pifieii of glm»* 
The broakiitg ftp or aciidettiation of whit# light into cicilotiri wm 
dtseiisioil by Mamm Mmmi^ professor of mtclkiiie at Frafoo 
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(1648), by Grimaldi, Demarlvn, Hooke, and others.^ ham 
Barrow, Kewton’s teacher at Cambridge, held a theory re- 
sembling one of Marens Mann, that red was strongly eoii- 
densed light, that violet was strongly rarefied light. It 
remained for Newton to remove the (jobwidis and point out 
the cause of dispersion. 

In a darkened room he made a small cdrcnilar opmiing in the 
shutter and placed the prism inside, near the hole, so tliat 
the light was refractiul to the opposite wall. ‘M 'omparing the 
length of this coloured spectrum with its lircuulth, I fouml it 
about five times greater — a disproportion so cjxtmvagant, tliat 
it excited me to a more than ordinary curiosity of examining 
from whence it might proc(*ed.” ® 

Before reaching the right explanation lie advanced several 
hypotheses, only to find that eacth was dis|>rovcul by tlie facts. 
One of these giiessoB is of particidar interest to the (»ollege 
students of to-day, as it sliows that Newton’s profounil mind 
had dwelt upon a subject prominent in rnmlern athletieg, 
namely, the subject of ‘Uuirvcd pitching.” Bnrely the nuHlern 
student would find it hard to guess what imssihle relation 
there might be supposed to exist lietween the performance of 
a twirler on the diamond and optimd theories. Here is what 
•Newton said; ^'Then I began to sus|->ect, whethiir the rays, 
after their trajection through the prism, did not move in curve 
lines and according to their more or less ciirvity tend to divers 
parts of the wall. And it incrcaseil my suspicion, when I 

^ Fater THgaiitiug, in fiia dcicriptlon of his mlwlon to Ohlna, narrates 
..'that prisms were highly vahi^l for their colour tfliiets, anil wtr® tisiiallf 
owned only by pereons in high authority, atwi tlml ft iiiigli pltc© sold for 
500 pieces- of gold. F»iiiTWT, Qimk, d imm by S. .ITIipl, 
Lelprig, 1776, p. 1M« 

’ Abr., Tol I, p. IM. Miwton ieul riiis ariol© to 

.the Eoyal Society in 167i* 
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rf»iiiriiil«*rr4 I hjiil ofti^n a iintniH lial'l Ht.ri»*k a« 

til'fiPiii*’ r:irki*i, nnrh a vmtvp lint*. F«ij% a (*ir<niiar m 

ivi^l ;;m a laotiMii Iwiag f*{Haiiiitni(’atf*tl tci if, hj that, 

it’i fiarti ^ii that ‘a4i% wUrr** thr* laoiioiiH «HiaH|hn*, iiiiwt 
|irT‘K!4 jiiiif Ifr'jit !hi» air iiiant violiiitly thaa tai ila* 

aiifl a r**lia'taii{*y attil r«‘it(‘t4an c»f th.fi air 

k»r»"alrr. AimI h»r tla^ Hiiiiii* r«‘amai, if ihii rayn 
Ilf litjlii Hlp»ahi |i*»'r4ili|y III* gluliidar hiitfian* and by th«*ir 
i»hlss|ii** id iiM’ihiim luin aiHiilita*, a«*i|itir«* a rir- 

riil'itaiai iiiMipiii, lla^y i»aillil Im fi*td tin* ||r#*at.i*r ri*KiHtaia*i^ fr«na 
fill* aiiiliiriii ;rilirr, till that ladia tin* aifiliiain c*uiiajara, 

mill l#»* ri.*iiliiiiia!ly tii tin* iithi'r. Ihit laitwith- 

jilaii-^ihlf* i^riniial <if iftmjiifdiai, wliiai I faaii^ ia 
rsairiiiir if, I no mitfli rurvif.y in tiaan. A»<1 

iwliirli wm for lay jHir|amt*| I olmarvial, ihiii 

|1p» ih#.* haiglli of tint iitiagf% and thi» diaiia’h^r 

of flip liol»% through whadi tho light wan wan pni« 

j».irlioiial»lo to llw'ir di^laiirp, 

**Th** gnphiiil roiiioi’al of niW|iit*ioiw at haigtli lad iiia 

flir r.rp-T*iiirpl»oii wiihdi ilitu: I Itaik twit Imimln, 
1111*1 oiia of l-hmn ido,m* h^himi fh*^ ptimti n! Ilu* m.f 

lliiil ilif^ light iiiiglii through iiwrrmll holo, iiiailo ia it for 
llio iitid fall Oil till* «d{p*r imar«h wttif*}i I jilaiaal at 

iilii..isii frol 4mU%tims havilig lirnt iiifwlo li nifiall lioln in it 

for mmm* r»f that liit’iihail light to lliroiigln 'rinaii 
I jil 3 i*r 4 aiif»ilipr lndiiwl Iho twiiird*” tin tiiriiiiig 

tlio fif.%1 jififtiii iilmiil. iitliit thff tiiiiiga wliif*h fidl on tliii 
»rr*ifii| Umfd wiw itiipl# In iwo^o iij-t anil down mioii lliiii lioiinl* 
it* il«l nil il.^ jiaft# I’fOiihl llirongti tln^ Itolt* iii 

that l^iard, anti fall upm llii* |iri#iii litdihid it, 11io jdin^on 
wiii*to lip# light f#II agwitil Iti# wall irort* noliai It mmu 
lliiif tlii» liiiwf iigfil, wtiMi mm winst ri^frfn*tf!«l in tlip fiwt |iriiiit| 
iilwi »im% iti lilt |irl»iiis IImi rial liidiig 
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least refracted in both, prisms. And so the true cause of the 
length of that image was detected , to be no other than that 
light is not similar or homogeneal^ but consists of difform rays, 
some ofivhich are more refrangible than others^ ^ (See Ifig. 12.) 

When Newton made these experiments, he was interested in 
the improvement of the refracting telescope. The deficiencies 
noticed in that instrument had always been attributed to 
spherical aberration and the attempt was being njade so to 



Fig. 12. 

alter the spherical form of lenses as to give clear images. 
Newton satisfied himself that, besides spherical aberration, 
there was another source of trouble, namely, chromatic aberra- 
tion. ^^The confused vision of objects seen through refracting 
bodies by heterogeneal light arises from the different refran- 
gibility of several sorts of rays.” (Opticks, Book I., Prop. V.) 
Could this evil be removed ? Probably, if different substances 
possessed different dispersive powers. So Newton contrived 
an experiment. In a prismatic vessel filled with water (prob- 
ably it was impregnated with saccharum satumi — sugar of 
lead),^ he placed a glass prism and examined rays passing 
through. Prom his tests he thought he could conclude that re- 

I FhiL Trans., Abr., Vol. L, p. 130. These experiments are also 
described in Nuwtoh’s Opticks, Book I., Props. I.~V. 

^ Opticks, p. 51 ; ‘‘Newton, Isaac,” in Die. Nat. Biog. 
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fr;p*ti»ii iiiiiHf. h*» Ity liiHfiprHitiri. Ac^hm* 

ii};t!ir jif*rinr*ii If* hiui ;ui Uiy , KvirlptitJy, 

Im** i|p| imt bin unual Ifi* luiii|N*iit*d 

III liavf ii>ir4 ;i |riiMtii ii-f I'laHH aiid oiif* uf (#f pqmtl ilii4|H*r» 

fiivi* |«nri*rf4. <i||ii*r li*|atd:4 iliun hh iinprfgrtat..p<l wonbl 

fcivr iliflVr*‘iii rpMili.H. Frnia vary liiitibHf fm|H*riii}iaif.al 
♦‘vultnit’i* III* ilrtnr a Iirf»a4 iu whirb Ih'» iidhiTmi with 

ifyimdlMiiii Iriiarity, iaii wbi<-*h liiwa fcaiiid 

til bp 

lli*ii|aii'iiig iif Ihi* |ifr4Mibiliij iif uriHliii'irHt iMdiraiiiaiic* ri*« 
laib^rpil lijitns Ibi* ilaaiau nf At that 

lifiif'% flip rrlif^pliiig had bpiai tin* aubjapi af cutp 

f^iiirrabbi Kurehi | ii Jraitii in 

Ifiiiiip* 1.4 r»iwii|ifr#*rl ihr* iiivriib^r af ib Aiinthitr 
Jfti ri>i Mpripnm^ ill Wmimu nii| 4 ic«‘Htfai. a ftilTurniii iyjiii of 
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A HTSTOEV OF PliVBlCB 


LiiiuSj LucaSj Pardieg, Hooke, HuyKetiH. Newton was over 
sensitive to criticism, and in Deceml^er 9, 1675, wrote to 
LeibTiiz, was so persecuted with diHcussions arising from 
the imblication of my theory of light, that I blamed my own 
imprudence for p)arting with so substantial a blessing as my 
quiet, to run after a shallow/’ 

Hooke tqdield the undulatory th<*ory of light as against 
Newton’s corpuscular theory. Nc»wtf>n’s reply to Hooke, as 
well as other papers communicated kd^ween 1672 and 1676| 
show that he had (uircdully weighed the arguments for and 
agaiiist ca(‘h liypothesis. We can r(*a<lily imagine how the 
young scientist pondered over the two rival tlieories; and 
when he liesitatingly rejected tlui wave theory, he little 
dreamed that his views would ever command such great 
authority, and bias the minds of physicists to such an 6:s:tent 
as to delay for a whole century the axseaptance of the tnia 
theory. Newton had experimented on colours formed by thin 
plates.^ He saw plainly how the phenomena might im ex- 
plained by the undulatory theory. Since the vibrations 
which make blue and violet are stipposed sliort^^r than those 
which make red and yellow, they must be reflected at a less 
thickness of the plate; which is sufficient to explicate all the 
ordinary phenomena of those platci or bulddcs, and also oi 
all natural bodies, wliose parts are like so many frapiiento 
of such plates. These seem to be the most plain, genulnt, 
and. necessa^ry conditions of this hyjmfcheiis; and tlmy afree 
so justly with my theory, that, if the animMiverfior think fit 
to apply toem, he need not, on that account, apprehend a 

^ ‘^Hewtoa’s Elnp’’ are explalntcl in lf«WTOM"» pihllshM la 

.1704, Book II. , Ohi. I. §i mq* Hi# mlmm of thin pJ»« hid. I^n oh- 
strrad by , Boy to and Hook#. The latter gavt mrmm iMmuU ol fii# 
leading phonomcaa m ixhibitdi In the eolwid rln^ in Mii 

between plates of ^a» eomp]^^. tofiflter. 
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divorce from it; but yet, how he will defend it from other 
difficulties I know not.” ^ In Kewton’s mind the insuperable 
barrier to the aciceptance of the wave theory, as it was devel- 
oped at that time, was its inability to explain the rectilinear 
path of rays. He says : To me the fundamental supposition 
itself seems impossible, namely, that the waves or vibrations 
of any fluid can, like the rays of light, be projjagated in 
straight lines, without a continual and very extravagant 
spreading and bending every way into the cpiiescent medium, 
where they are terminated by it. I mistake if there be not 
both experiment and deioonstration to the contrary.”^ If 
light consisted of vibrations, it would, like sound, bend into 
the shadow.” 

Tlie emission theory, on the other hand, offered an easy 
explanation. A luminous body emits streams of minute parti- 
cles moving in straight lines, which cause vision by their 
impact on the retina. Refraction was explained by assuming 
that the flying particle begins to be attracted towards the 
refracting surface when it comes very near, so that the com- 
ponent of its velocity along the normal is increased. When 
the particle passes from a denser to a rarer medium, this com- 
ponent is decreased, while the component velocity perpendicu- 
lar to the normal remains unaltered in both cases. Thus the 
bending of tlie ray is explained. As a consequence, the velocity 
of the particle is greater through the denser medium.® The 
fact that, in a transparent substance, there exists both reflec- 
tion and refraxMon was very difficult to explain on the emis- 
sion theory. How can a surface at one time refract and at 

^ FhU. Tram,^ Ahr., Vol. I, p. 146 ; quoted in G. Pbacook, MUcella^ 
mom Worki nf the ImU Thomm Tomg^ Vol L, pp. 146, 146. ^ 

^ JPUt Trms,^ Abr., VoL I, p. 146 ; Mismllmeom W'orki of Thomas 
Toungi Voi I., p. 162. ‘ ' 

•Hewtom’s Opti^$t 1704, Book 11., Fart IH, Prop. X 
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(iriinal ill’s experimetits were <ablj conducted, Init he was 
tiuahle to cjontribute aiiytliiiig subHtantial to their theory. 
Mowton repeated (hdinaldi’s experiineiitB in modified Form 
and endeavour«?d to €‘,xplain them by the emiBBion theoryd 

It in ri*ni«»*rk:*Hlc that Kewton nhould have experiinonted ho 
much with the Hohir Bpeetrum and have failed to obHervc^ the 
Frauijliofc*r liuen* We eanuot attrilouto this failure to his 
inirodiictioii of light througli a circular opening, for in some 
mises (Book L,, Frop. IV., p. 41)) he employed a narrow slit. 
It cannot be ascribed to his phuniig the prism close to the open- 
iiig so as to receive upon it very divergmit light, since in the 
ease just referred to the prism was at a distance of 10 or 
J2f feet from the slit The fact that he received the specstnan 
on paper would not MBcesnarily debar him from sc^eing dark 
lines; at any rate, he sometimes looked through the prism 
ni>oii the hokd^ (Hook 1., Prop. IL, Exp. 4, p. 22). Jn the ex- 
|)eriitiant (p. 49), the conditions were about the same as tliose 
under winch Wollastem later saw a few of the lines. IJjifortu- 
natfdy, during the very experiments in which the discovery 
of the lines would have litiea easiest, Hewton was obliged to 
rely on the ohservatioits of an assistant with ^Mnore eritieaF'^ 
eyes than his own/ Imt who was probably loss alert for , unex- 
pected pberioiiiciia* 

HEAT 

During tlia icventeeiitti eentury wa witness the early 
deTOkpment of the thermometer, a physical instrument whicdi 
lias iitjoyei wider application than almost any other. Mod- 
em liistoricml tasmrch eonomrs in atseribing its invention to 

^ Brjofc III, pp, llS-ia?. 

^ .Book b, Fan IL| Ixp, 7, p, j see also an artiol© on .^CMewton, 
Wollt^a, and FMWwhufer by AniXAMU^a Jomigoi la Maiur^ 

VoL M, IM, p. m% 
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A iriSTOKY OF PHY8ICB 


Galileo} A glass bulb of tlic size of a hen’s egg, with a long 
stem of the thickness of a straw, and dipping into water, which 
was made to rise part way up the tube liy |)r(wious warming 
of the bulb, (ionstituted Galileo’s lirst thennometer. It was 
alfected, of course, by liu(*.tuations of atinQH|>herie pressure as 
well as of temperature, and was really a thcuinodjaroscope. 
Galileo’s pupil, Vhnatd, gives 1593 as tiie dat(? of tlie inven- 
tion j (JadelU, another pupil, says that in 1593 he saw Galileo 
use it in experimental lectiin‘8. All the early thermometers 
contained air, and tlu^ stem was arbitrarily graduatetL Being 
affected by changes in atmospheric presstire, Galileo’s air 
thermometer was vexy imperfect. 

The first improvement was introduced l)y tlie French physi- 
cian, Jean Hey} who simply inverted Galileo’s instrument^ fill- 
ing the bulb with water and the stem with air. Thus, water 
was made the thennometric substance. On tlanuary 1, lfi32| 
he communicated this method to the great intermediary among 
scientists, Pater Mersenne. As Hey could not bring himself 
to close the upper end of the stem, there mm ctonstant danger 
of errors from evaporation of the watx^r. Bchwenter says that 
before 1636 artisans had succeeded in so choosing the relative 
dimensions of bulb and stexa, that the liquid rose and fell the 
whole length of the stem in course of one year. 

1 E. Wonvwthh, “ ZvLt O^hichfce dar Erdiidimg tmd Virhwteng 
des Thermometars,’’ Fi>ggmdnrp» Annalm, VoL 124, lUifi, pp. lill- 
178; F. B 0 «.ckhabi.>t, J)U Mrfimtung dm TMnmfmMn %%d mim 
QmtaUung im 17. JahrhunderL Basel, lBfl7 ; E. C}e«i,a«i», Dm Tkm^ 
mometer^ Berlin, 1SS5. Of Gerland’i publication we have made txiteiiMfi 
use. The invention of the thennometer has been varionsly as«i,IW to 
toe famous mechanic, Cormlim Drebbd of Holland, to tot 
SumtoHm of Padua, to Futhm" Fml of Cracow, to toe London ]^f 
MobtH MuMf to to© German, Olio mn (lmriek€. 

in Eimml uni MrS$f foL IL, p. 172; B. 

op. 0#., p. 10. 
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A HISTORY OF PHYSICS 


fixed points the cold of winter and the heat of summer, divid- 
ing the intervening space into 80 or 40 equal spaces. To deter- 
mine more accurately the position of these points, they defined 
the one to be the temperature of snow or ice in the severest 
frost, and the other to be the temperature in the bodies of 
cows and deer. The melting-point of ice was found by them 
to be invariable, and, in their medical scale, to be at 13^^ In 
1829 some of the Florentine thermometers were discovered 
among old glass-ware, and Libri actually found them to read 
13^° in melting ice. They had been used in Florence six- 
teen years in meteorological observations, and by reducing the 
average temperature to one of the modern scales, and compar- 
ing with modern observations, Libri thought he could draw the 
inference that the climate of Florence had remained unaltered 
during the two hundred years.^ 

The fixed points chosen by the Florentine Academy did not 
prove satisfactory, and all sorts of improvements were sug- 
gested. Dalenci in 1688 adopted (1) the temperature of air 
during freezing, and (2) that of melting butter. The final 
adoption of the temperatures of melting ice and boiling water 
was not reached until the eighteenth century, though Huygens 
had recommended these as early as 1665.^ 

The Florentine thermometers became famous. They were 
introduced into England by Boyle. They reached France by 
way of Poland, An envoy of the Queen of Poland was pre- 
sented in 1657 by the Grand Duke with thermometers and 
other instruments. Her secretary forwarded one of the ther- 
mometers to the astronomer Ismael BouUiaxc in Paris and stated 
that the Grand Duke always carries one in his pocket.” ® The 

1 Libri, Poggendorff's AnnaleUfYol, 21, p. 825 ; see also GERLi^io), 
Das ThermometeTy p. 46. 

2 E. Gerlaitd, Zeitschr. / InstrJc.^ Vol. 18, 1893, p. 390. 

2 Maze, Oomptes BenduSy Vol. 121, 1895, p. 230. 
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thermometer wtin alwut one tlee.iineter long and contained alco- 
hol. Boulliau liimmdf (‘.(mHtruc.ted in 1059 a thennoineter in 
which niereurj wan used for the firnt time (ho fa,r a,B known) 
m a thermometries Kulmtamscs. Rtic,(»ntly a rcscsord of tempenv 
tiire olmervationH hy Bonlliau, extcsndiiig from May, 1C)58, to 
Beptemlier, lf>hO, han been found. Next to the Florantiue 
record, begun iti 1(155, it in the ohhsHt in (sxiHtenced 

We are Hurprimsd to find that N(*.wton'H iiuniediate prede- 
ceHHors ha<l aniicsipated our modern theory of heat, Ileai a 
Mode of Motion In the tithi of Tyndairn well-known work 
(1802), yet l)m*uri(% AmontimH^ JUnfle, FranciH Bmwi, Hookey 
and Newton alremly look<ul ujKjn heat an a mode of motion. 
Of courH«^, in tlie Heventeeuth century, thin theory rested upon 
somewhat slender exjKirimental evidences, elne the doctrine 
could hardly have been cast to tlie winds by the ©ightcumth- 
eentury ptulostipliers. Boyle expc*.riniented on the mechanical 
prodiKstion of heat and ilhistratcul the heating due to arrested 
motion hy stielii examples as tlie hammer driving a nail. 

Boyle observed also the eflFecti of atmospheric premsure on 
abullltion and experimented with frees^ing mixttHCs. Newton, 
In 1701, mmlis a statement in the Phikmof)hical TmnmutkmB 
which involves the hypothesis that the rate of cooling of a 
body is i>roportional to its excess of temperature (iver the stir- 
rouriding medium.^ This surmise has sim^e been tasted experi- 
mentally by Ihdong and PeMf and has bean shown to be true 
only within a iiiiall mnp of tem|mratur©.® 

* Max*, €tmmm Eindm, Yx}t BiO, ISM, p. 7S2. 

* MACti, FHm, d* WimmUhre^ p. 182. 

» Ann. d# cMm. €t m Phy$. 2<*, Vol VIL, 1817, pp. 225, 287, 
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ELECTRICITY AND MAGNETISM 

The correction of Gilbert’s error in asserting that magnetic 
declination “is constant at a given place,” and the discovery 
of the “ secular variation of the declination,” is usually attrib- 
uted to Henry Qellihrand (1597-1037), professor at Gresham 
College. He pointed out that in 1580, “ Mr, Burrows (a man 
of unquestionable abilities in the matheinatiques) ” found the 
declination near London to be 11° 15’ E. ; that in 1022 Edmund 
Gunter found it to be at the same place 0° 13' ; that in 1034 he 
himself found it to be not much more than 4°E.^ This subject 
received the careful attention of Edmund Halley (1656-1742), 
who was professor at Oxford and later astronomer-royal. He 
endeavoured to explain magnetic variation by assuming four 
fixed magnetic poles. As this did not account for the facts, he 
supposed that the earth consisted of two concentric magnetic 
shells with poles differently placed and not coincident with 
the geographic poles, the inner shell rotating slowly. In 
1698, William III. was induced to send Halley upon a long 
voyage on the Atlantic and Pacific oceans for the purpose of 
testing his hypothesis.^ He came back, not with the desired 
proof, but with useful observations on “variation.” About the 
beginning of the eighteenth century he constructed charts of 
equal variation (declination), which became famous. One of 
his original isogonic maps has been found recently in the 
British Museum. It seems that he published two totally dis- 
tinct charts/ 

* Consult Hbuby G^nniBEAHi), A Mscourse Mathematical on the Vari- 

ation of the Magnedcall NeedUt London, 1685^ Reprinted in G. 
march’s JVeudrucke, Ho. 9, 1897. 

* p. 448. 

’ L. A. Baube, ‘‘ Halley’s Earliest Eqmd variation Chart,” Terrestrial 
Magnetism, VoL L, 1896, p. 29; L. A. Baube, McUure, May 28, 1896. 
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Some interesting observations were recorded in the Philo- 
sophical TrauHactions of 1676 and 1684 regarding the magnetic 
effects of lightning. Thus in 1681, a ship bound for Boston 
was struck by lightning. Observations of the stars showed 
that 'Hhe compasses were changed ^^the north point was 
turn’d clear south,” The ship was steered to Boston with the 
compciBB reversed.^ 

Phenomena duo to electric attraction and repulsion con- 
tinued to interest and amuse investigators. ThuS; Boyle ob- 
served that dry hair is easily electrified by friction. ^^Tha,t 
false locks of hair, brought to a certain degree of dryness, will 
be attracted by the flesh of some persons, I had proof in two 
beautiful ladies who wore them ; for, at some times, I observed 
that they could not keep them from flying to their cheeks, and 
from striking there, tho’ neither of them had occasion for or 
did use paint.” One of the ladies ^^gave me leave to satisfy 
myself farther ; and desiring her to hold her warm hand at a 
convenient distance from one of those locks taken off and 
placed in the free air, as soon as she did this, the lower end of 
the locjk, which was free, applied itself presently to her hand.” * 

Again, Newton astonished the Eoyal Society by the descrip- 
tion of an experiment with a round piece of glass set in a brass 
ring and supported by it about one-eighth of an inch from the 
table. Rubbing a pretty while the glass briskly with some 
rough and raking stuff, till some very little fragments of veiy 
thin paper, laid on the table under the glass, began to be 
attracted and move nimbly to and fro . . . leaping up to the 

It is worthy of remark that Halley constructed in 1686, and published in 
the Philomphicat TVmsacUonB^ 1688, No. 183, the earliest wind map». It 
is reprinted in IIiLLMAifif’s Nmdrmke^ No. 8, Berlin, 1897. 

1 B. Ilorm, d Lehre v. d MUktrioUdt bU auf Mauk$be$t Ham- 
burg, 1887, p, IS. 

^ BoyUH Fcrlj#, by Bwmn Shaw, 2d ed., London, 1738, YoL I., p. 506 

^ ; B. Hofm, op. p. 17. 
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glass and resting there awhile ; then leaping down and resting 
there ; then leaping up and perhaps down and up again.” ^ 

Otto von Ouericke of Magdeburg generated electricity by 
holding his hands against a rotating splicre of sulphur. This 
once famous contrivance is the forerunner of the friction 
electric machine. He discovered electric induction and made 
a number of other interesting observations, l)ut his specula- 
tions on electricity — his ^‘niundane virtues” — were as unfort- 
unate as were Gilbert's (josniological magnetic theories. 

Boyle made an important experiment showing that electric 
attraction takes place through a vacuum. In 1676 Picardy 
while carrying one evening a mercury barometer from the 
observatory in Paris to the Porte Saint Michel, saw that each 
motion of the mercury caused a glow in the Torric.ellian 
vacuum. The cause of this light was attributed to a sub- 
stance called mercurial phosphorus, name was suggested 
by the new glow phenomena (phosphorescence) of phos- 
phorus, which were then astonishing the scientific world. The 
origin of Picard's light was studied in England by Francis 
Mauksbee. He let air rush from above into a vacuum through 
a tube dipping into a basin of mercury under the bell-jar, 
and watched the air blowing the mercury up with violence 
against the sides of the glass that held it, appearing all round 
as a body of fire, made up of abundance of glowing globules 
descending again into itself.”^ From this and other tests 
with mercury Hauksbee concluded that no light could be 
obtained without motion and without a partial vacuum. He 
observed that attraction accompanied the phenomena and con- 
cluded that the light is due to electricity. He was the first to 
show that an electric charge resides only on the surface of a 
body, and that metals may become electrifi^ by friction. 

1 T. BmoK, Mst. of Moyal Vol III., London, 1757, p. 2W ; 

B. Hofw, op. cU,y p. 14. 

* JPhiL Tram.y 1705, No. p. 2120 ; Hofp», p. 21. 
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SOUOT) 

Vibratory stringn were made the Bubject of investigation by 
Ocdilao and Marin MarHenm. (Jalil(io pointtul out the depeiHl- 
ence of pittdi upon tlie number of vibrations pereeived in ludt 
of time. Mersenne noticed that a string gives, besidoH its 
fundamental, two overtones. At Oxford, William Nahlv, and 
ThonuiB Plgott showed by paper riders juit at different plaec‘s 
on a vibrating string that it vibrates not only as a whole, but 
also in halves, thirds, ote.^ Mersenne determined the velocity 
of sound in air by the difference in time between the flash 
and the report of fire-arms at known distances. Ho got 1*180 
feet per second. Pierre GoHsencU (1592-105.1) used cannon as 
well as pistols, and disproved the |)oripatetic tenet that the 
velocity depends tipon its source and its {)itch. His test gave 
1473 Paris feet The illustrious meml)erB of tlie Vimn Acad- 
emy, D. Cassini, Picard, Rhiner, lluygons, found the value 
1172 Paris feet per second. 

Newton published in his IMncipia (Book TL, Props. XL VI II., 
XLIX., L.) a theoretical deduction for the velocity of sound. 
He concluded that this velocity varied directly as the square 
root of the elastic force, and inversely as the square root of 
the '^density of the medium the velocity is ^Hiqual to that 
which heavy bodies acqiiire by falling with an equally accel- 
erated motion, and in their fall describing half the altitude 
where A is the height of a homogeneous atmosphere, 
taken as 29,725 feet. This gave 979 feet as the velocity, 
while experiment indicated about 1142 English feet. Newton 
threw out conjectures as to the cause of the discrepancy 
between th© ©xperimental and theoretical values, but the true 
explanation was given over a century later by Pierre Bimem 
Laplam (1749-1827). Newton failed to take into account the 

» mu JVaw., 1677 ; VoI IL, p. m 
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changes of elasticity due to the heat of coinpresHiori ami the 
cold of rarefaction. Jlis expression amounts to v — 

Laplace’s correction makes it v ^ wlicre p is the 

pressure of the air and d ite density. 


THE EIGHTEENTH CENTURY 


The progress of physics during the first eighty years of the 
seventeenth century was truly extraordinary. Nothing like it 
is seen during the earlier epochs of human history; nothing 
like it is exhibited during the eighteenth century. The names 
of Galileo, Guericke, Boyle, and Newton adorn the period 
when experiment assumed a place of supreme authority. In 
the eighteenth century there comes a reaction. On the whole, 
speculation is less effectively restrained and guided by ex- 
periment. 

Another important cause makes the period less brilliant. 
It brought forth few great experimental physicists — none 
of such transcendent genius as Galileo, Huygens, Newton. 
Mathematics and mathematical astronomy were enriched dur- 
ing the eighteenth century by the remarkable researches of the 
Bernoullis, Euler, Clairaut, Alembert, Lagrange, Laplace, 
but physics proper was cultivated by men of more limited 
powers. 

MECHANICS 

The mechanical principles, as stated by Newton, suffice to 
expMn any practical problem, whether in statics or dynamics. 
Nevertheless, it hm been found convenient to deduce partic- 
ular laws by which certain groups of problems may be treated 
by routine. As examples, we cite ly Alembert^s, Principle 
and the laws of the ^^Conservation of Momentum,^' Conserva- 
tion of the Centre of Gravity,^' Conservation St Areas.” 
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The eighteenth century has contributed muck toward the 
development of these principbis, (maiding mechanical phe- 
nomena to be viewed from new standpoints. Ihit their sub- 
jects, together with the analytical development of mechanics, 
lie outside the scope of this work,^ 

It only remains for us to mention the new contrivance, 
invented by (hionje. Atwood (1740-1807), for the study of the 
laws of falling bodies. Galileo had retarded the velocity of 
falling bodies by means of the inclined gutter, and thereby 
facilitated experimentation. Atwood a(?compliBhed this end 
by suspending two weights by a thread over an easily running 
pulley. 

Atwood was a fellow and tutor of Trinity College, Cambridge, 
where his public lectures in experimental pliilosophy were 
remarkable both for the fluent ease of delivery and for the 
ingenuity of their experimental illustrations. His influence 
on the scdentific studies of the imiversity was great. As a 
writer he was less gifted than ms a lecturer.^ In 1784 he 
published a treatise (M the JteHilbmir Motion an<Z Rotation of 
Bodies, The description of Atwood’s ma<dune, given therein, 
is not the earliest account of it made public. Atwood invented 
the machine several years previously, and a full account of it 
was given by J, II, de Magellan^ a g6ntil4iomm.e Portugais^ 
residing in England, in a letter addressed in IPrench to A. 
Volta, professor at the University of Pavia, who Ixad ordered a 
machine to be sent to him from England. Tb.e letter was 
printed in London in 1780. 

^ The reader may consult B. Macis, The Bcimm of JMechanicSt trans. 
by T. J. McCormack, Clfles^o, IS9S; B. DUHEimi, JSjrit, Geach. d, 
aUgem, PHm, d, Leipzig, 1S87, 

^ NaU Biog, See also T. Yoomo^s MM. WmrhB^ Vol. H., pp. 
617-623. 
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giston was, as we may reasonably infer, fjieilitaieil by it, and 
remotely Newton is j)erhap8 also responsil^le in part f<ir the 
doctrine of caloric a lumdred yt^ars later. After him, at any 
rate, there is a great backward movemexit’^ ^ 

The only prominent writer of the eighteenth century who 
advocated the undiilatory theory mm Leonhard Eider (1707- 
1783).^ He advanced only theoreticntl considerations in its 
favour, and convinced no one. In 1750 he published his iMtrm 
h tme Friyieense d^Allema/jne mtr quelqmn mijetn de plif^nique. 
The German translator of this work thought it nec^essary to 
interpolate explanations, lest some inncxient reader might Ixe 
led to believe in a theory which was not held now (1702) ^‘by 
a single physicist of prominence.” Euler explained diversity 
in colours by the differences in duration of vibrations. He mmie 
the conjecture that the different media of tlm ey© had the 
property of prf^venting the dis|K?rsion of colours, and suggested 
that lenses be prepared out of two different substances, with the 
view of removing chromatic defeete. He luwl a theory to 
how this might be done, but was not able ac^tually to produce 
a lens free from colour. Tliis failure he attributed to the diffi- 
culty of accurate construction, Tlie only good which resulted 
from- his efforts was this: he excited the curiosity of fiamiid 
KlingenBtiema, professor at Upsala, wlio tegan to repeat New- 
ton’s experiments on achromatism and araved at rosulte at 
variance with Newton’s. At this stage, John .Mlomdp a Im- 
don optician, began a series of tests. They, too, wont oonirary 
to Newton’s. Dollond then tested different kindi of gl»% and 
in 1757 wrote a letter to Klinpiiatierna, in which hi pointe 
out tliat the ratio of the sine of ineidenee to tti# iia© of iho 

* 8. F. L^TOtBY, The Eimry of a 18W, p. 4 

^ Fapeis thereon appciw in Memoimn dter Mmtii’mt llM, 

1752 . 

» Eosbbbbbom, L Mhmn a. #. 18 ^, p. 
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of another man were laid b(dor«» tin* piddie. Ak early ?is 1720 
(jheMe.r More Hall, of More Hall in Hnnex^ while ntudjing the 
mecharusni of the human c*y(», wan h»d to tlm <leHigii of lenses 
without (‘-olour. H(^ (*m|>loyed several working tjptieians to 
grind Iub lensen, and several (4,)j«*c‘.t»glaHHC!g were eoinpleted. 
Jhit he never published any aetmunt of his lalwurg. Perhaps 
he kept tliem sectret, hoping to perfe.id his instruments still 
further. At any rate the invention was kmt, and Dollorid^s 
work was independent of HalPs.^ 

( Jontemporaneous with the e.arly ^liwelopmant of the aehro- 
niatic telesctope is the eonstriuduim of large rettiading tele- 
seopes. Again England displayed superior ikilL In 1723, 
about half a century aft<*r Ntiwfcon made liis refleetori, John 
MuUmj presented to the Royal BcH;ii*ty an instrument six feat 
long. It equalled in performance the Huygenian refractor 
123 feet in length! Furtlmr progress in the design of eon- 
cave mirrors was mmie by Jamm MhoH of Kdinlmrgli, and 
esfiecially by Willkm llenehi (173B-1H22). To improve the 
space-penetrating |K)wer’'^ Harsehel Inereaiied the light-gatii- 
ering power by the use of larger mirrors. He exj^riinented 
in the 8haj)ing and polishing of concave mirrors with an en- 
thusiasm and skill never surpassad. Mirrors of 10, 20, *M 
feet, and finally om^ of 40 feet length, left his hands. 
The last, completed in 1789, was four feet in diameter and 
weighed 2IKW |)oundg. The telescojm leal to Hefm*heFi dis- 
covery of the two Saturnian mtidlites nemroit to the ring. Only 
two raflectori larger than this have ever been eoitilrticfted. Ja 
.1745 was completed by Lord Mom at Parsoiiitowii In Ireland 
a gigantic reflector, wittt a mirror mx feet acroii and a tu^ 

BsBwsrjii, of Btr /. Mmon, Ntw Yott, 1^1, pp. #1*47, 
for forthtr dctalli on Hall and achroitmiliiii, eoiiiiilt tl« nnlclte ** Tele- 
scope* in tlic BriimnkUf itti fridte 

‘■‘Optics” In the Miinburgh p. ##7, note. 
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SH frpt I«iig ;ifi4 in diamf*t;f*n So large was this 

tiik* lliat; llPiiii walked through it <utee with uplifted 

tiiiiltndlii,^ dmplayed e.elestial objects 

ivifli cxtraiiriiiiiary Mpleiidtmr. ‘‘Never in my life/' exclaims 
Sir Hiiiit;.fi, »‘did f mw, st.mh glorioui? siderial pictures I'' 

Till* nefiiiiil large reflector^ with a mirror over 61 inches in' 
dhiiiif»ter« in ii*iw imiiig tinblied for the University of America 

ill Wiinliiiigl4fii. 

Hiere are livii iihj fid, ions to reflecting telcgcopes which have 
not yet I«*eti Hiifi'essfiilly ovarcoma The great weight of 
large mirror makes it liable to distortion. The 

deli'Cale liislri^ nf iiM siirfime cannot be preserved permanantly, 
«id must la«- restornd by the difticult operation of repolishing.® 


HEAT 

(itiilhmim ,/lmOfiloii« (Ifi6»T470i5) effected in 1702 an improve- 
iiieiit of C"la!ili!f/» air thfirmomefcer. In his youth Amontons 
lamiiirto lieiif ; but Ihii was not regarded by him as an affliction, 
sine# it imrifiitltil aciontitic pursuits with less molestation from 
til# otiti^r wiirlcL He field a government position in .Paris, ■ .His 
air ww of coustent volume and consisted, of a 

U-sliaiiffil ttitm witli the shorter arm. ending in a bulb and 
111# liiitgcr tiMimiiiriiig 45 inclici. Degrees of temperature were ■ 

* A* M. i%muUi d of Antronomy^ HewYork,. 100S,. 

m t»i 

< €t»t«iit fiirili«r lit© titetiiiy of 'the telesecpe by C, B. Hajtincs in 
Mmiikmmi0m lSli| alio 0«o»os E. lUnii, “On the Comparative 

f 'liitti fit afti- lltiietittg' Tekscepes for Astrophysical Investi- 

Vol. V,, 1S07, pp# lia-lSb Studente 
.in thf .of during tli@ sixteenth ®md seven- 

mmimAm may ooimuIi 11, Miioss, “0iiieh:iehte der optiseben and 

4 AfofA. u, PAya, Yoh 00, 1894, 

Kki yi* AMI.t P* U 
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indicated by tbe height (in inches) of the mercury column ir^ 
the longer arm necessary to keep the volume constant. The 
instrument was intended as a standard, by which a mercury 
thermometer in Paris, say, could be compared with one in St. 
Petersburg without the necessity of transmitting thermometers 
from one place to the other. But the invention met with little 
favour. He chose the boiling-point of water as a fixed point, 
but, being unaware of the dependence of the boiling-point 
upon air pressure, 'he could not attain extreme accuracy.’- It 
is an interesting fact that Amontons’s researches amount to an 
experimental proof of the law of gases now named after 
Charles and Gay-Lussac, and that he first arrived at the 
notion of absolute temperature. ^^It appears,^’ says he, ^^that 
the extreme cold of this thermometer is that which would 
reduce the air by its spring to sustain no load at all, which 
would be a degree of cold much more considerable than what 
is esteemed very cold.^^ Prom Amontons^s data the absolute 
zero in our centigrade scale is found to be — 239.5°. Lambert, 
who repeated Amontons’s experiments with greater accuracy,^ 
obtained data yielding — 270.3°. The value now accepted is 
— 272.8°. Lambert uses this language: ^^How a degree of 
heat equal to zero is really what may be called absolute cold. 
Hence at absolute cold the volume of the air is zero, or as 
good as zero. That is to say, at absolute cold the air fails 
together so compactly that its parts absolutely touch, that it 
becomes, so to speak, water-proof.^^ 

Stimulated by Amontons^s researches Gabriel Daniel Fahr&n^ 

IE. Gbrlaxb, “Ueber Amontons’ und Lambert’s Verdienste um die 
Tbermometrie,” Zeitsch, /. IrntrumenUnhunde^ Vol. VIII., 1888, pp. 
319-S22. Abstract given in Poskb’s Zeitschrift, Vol. II., 1889, pp. 142, 
143. 

2 Lambert, JPyrometrie, Berlin, 1779, p. 29 ; E. GBRnAHn, InBtnmen* 
tenkundej Vol. VH!., p. 322. 
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hfiit (IfhSfUlTMfi) lK»gan to Bttidy the jwcurafce constniction of 
th<‘rmoiiic*t«‘rH, ffo. wan a nativo of Danzig, but went to 
Amsterdam to .Hc»ouro a huBinesH edm^ation; he became inter- 
CHted in pliyHic’H, aiid travelled in England, Denmark, and 
Swedem He wan a manufacturer of meteorological instru- 
ments. That he aitaiited conBiderable celebrity is evident 
from Ids eli*«dion to the licyal Society of London in 1724. 
The saniit year he efmtnbtit(»d to the Phil(m)phmil Tramtio 
lloii# fivi* short |»a|M‘r.H in laitin. Therein he revealed for the 
first time his iihmo'sh of making thermonnjtcirs.^ Fahrenheit 
wii« in commniiieatiim with Dlaf Itfmier, whom he probably 
visited in ro|Mmhagem During the cold winter of 1709 both, 
are saiil tit have taken reca^rds of temperatures. 

Falireiiheit was greatly interested in Amontons^s observa" 
tkms the I’oimianey of the. iMuling-poitit (previously observed 
by Huygens, Newton, ami Halley), (hiritnm to know how 
other lii|iii<lH would hidiave, he. made a Hfuucm of tests, and 
found that, tik«* water, emdi luul a fixed boiling-point/^ Later 
he noticed that tins Isuling-pfunt varitsl with a change in 
atntoniiherie prcHsurti.^ Attention to this fimt contributed 
viially towards f*iaei tlieriiiometry. Falirenheit deserves great 
criidlt for firni bringing alsmt Hie general use of mercury 
ill tliermonieters. {11ni earliest mercury 4 n-glags tharmom- 
iter, it will Im remeiitljered, is <lue to Ismal.ll Boulliau, 
lifill) I'he success of Fahrenheit/s mercury thermometers 
wm largely diii! Hi a method which lie invented for cleaning 
the iiierctiry. 

.Falireiilieit mmU two kinds of thermometers, — the one filled 

flii fi.f© ptp», lufttlitr with articles on thcrmomet^ 

«fl C-cIsliis, arc hroiif 111 oiit In Ocntian trittsktlcn In OsimaWi 

§7, tSil. 

* Itll. Tmm., Voh », ITM, pp. 1-4 j (kitmim Mo. $1, p. S. 

• miL 2>«m, a, fp. 170, .l»| XMm., Mo* §7, f* 17* 
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•witli spirit of wine, the other with mercury. Vmous lengths 
were chosen for the stem. In 1724 he wrote as follows : The 
scale of those thermometers which are used only in meteoro- 
logical observations begins with 0 and ends with 96. This 
scale depends upon the determination of three fixed points, 
which are obtained as follows : the first, the lowest, ... is 
found by a mixture of ice, water, and sal-ammoniac or sea 
salt; if the thermometer is dipped in this mixture, then the 
liquid falls to the point marked 0. This experiment succeeds 
better in winter than in summer. The second point is ob- 
tained, if water and ice are mixed without the salts just 
mentioned; if the thermometer is dipped in this mixture, it 
will stand at 32° ; the third point is at the 96th degree, and 

the alcohol expands to that point if the thermometer be held 
in the montli or armpit of a healthy person.’^ ^ 

His earliest thermometers were constructed difierently. 
Taking only two fixed points, the first and last points 
mentioned above, he divided the interval in 180 equal parts, 
but he placed 0 half-way between, so that there were 90® to 
the upper and 90° to the lower fixed point. After about 1714 
he divided the interval into 24 equal parts. According to his 
contemporary, Boerhave, this change was made Rbmer^s 
suggestion. The .0 was placed this time at the lower fixed 
point. The degrees, being found too large, were subdivided 
into four parts. Thereby the fixed points came to be desig- 
nated 0 and 96, respectively. It is not unlikely that he used 
the melting temperature of ice as a check,” to see whether 
his alcohol thermometers gave consistent readings for inter- 
vening points. This would explain how it happened that, 
unlike every one else, he had three fixed points. Later, when 
4e began to use mercury, he took, in place of the temperature 


1 BXas^iker^ Ko. 57, pp. 6, 7. 
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of the human body, the boiling-point of water. On his scale 
this Iiappefied to be at 212 

While the Fahrenheit thermometers were adopted by the 
Dutch and English, other nations were slow to appreciate 
their value. In France R(^aumur designed thermoineters. 
Ee7iS Antoine Ferclimlt^ Seigneur Reaumur, des Angles et de la 
Benmdib'e (1683-1757), was born at Eochelle and died at 
Bermodifere. He is known for his researches in zoology, 
botany, and physics. He was not familiar with FahrenheiFs 
achievements. Dissatisfied with Amontons’s air thermometer 
(the only thermometer which he considered at all fit for use) 
and strongly opposed to the use of mercury on account of 
its small coefficient of expansion, he endeavoured to construct 
instruments with spirit of wine which should be convenient 
and yet reach the desired degree of accuracy. His experi- 
ments accidentally led to the beautiful observation of the con- 
traction in volume which may result on the mixing of liquids.^ 
He found that spirit of wine (mixed with ^ water) expanded 
between the freezing and the boiling temperatures of water 
from 1000 to 1080 volumes; so he divided the inteiwening 
distance on the stem into 80 parts. But K^aumur’s ther- 
mometers did not turn out well. All sorts of incredible 
readings were reported, and different instruments did not 
agree. Jean Antoine JSfollet endeavoured to improve K^aumuFs 
thermometers, but more was achieved by Jean Andri Deluc 
(1727-1817) of Geneva. He returned to the use of mercury, 
and emphasized its advantages by arguments so powerful, that 

1 B. Geeland, Dm Thermometer^ Berlin, 1885, pp. 14, 16. For further 
details on Fahrenheit’s career, see Aebeet Mombbe in Altpreuasische 
Momtmehrgt^ Vol. 24 (Provinzialbldtter, Vol. 89), Kdnigsberg, 1887, 
pp. 188-160. 

2 OstwaMs Ktmaiker^ Fo. 67, pp. 100-116, 127. Reaumur’s three 
articlei ttermometers appear in German translation on pages 19-116. 
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a plysicist ejitliusiastically exclaimed^ ^^Sarelj nature has 
given us this mineral for the mahing of theriuometexs.’^ ^ 

On the other hand MicJieli dxi Orest, another scientist of 
Geneva, had no use for mercury, except to calibrate capillary 
tubes. He and De VIsle in St. Petersburg introduced this 
process about the same time.^ In 1757 Du Crest raised the 
boiling-point of alcohol by subjecting it to the pressure of air 
enclosed in the upper enlarged end. He anticipated Celsius 
in the design of a centesimal scale. Rejecting the temperature 
of freezing water as a fixed point, he chose the temperature of 
the earth as determined in the cellar at the Paris Observatory, 
84 feet deep. This was not a neAv idea with him. Boyle 
referred to the constancy of temperature in deep cellars. For 
thermometric purposes this temperature was first used hy 
Dalencd. Du Crest divided the interval between this and 
the boiling-point into 100 steps, and thereby obtained degrees 
agreeing closely with Rdauinur^s. Part of his physical re- 
searches was carried on during his twenty years of political 
imprisonment. 

Centigrade scales were adopted after Du Crest hy Celsius 
and Sti5mer. Andrem Celsius (1701-1744) was professor of 
astronomy at IJpsala. His researches are mainly astronomical. 
A publication of 1742® contains the description of his ther- 
mometer, with 100 divisions between the freezing- and the 
boiling-point of water. The latter point was marked 0°, the 
former 100®. The inversion of the scale, making the freezing- 
point 0® and the boiling-point lOO®, was efected eight years 

1 PEntJC, Mecherches snr les Madijications de VAtmosph^re, Geneve, 
1772, p. 830. E. Gbexakd, op. p. 20. 

2 J. H. Graf, Das Zehen und WirJcen des PKysikers und GeodtUen 
Jacques BarMlemy Micheli du Orest, Barn, 1890, p. 114. 

® Ahhandl d. schwedisck. AJcademie, Yol IV., pp. 107-205 ; trans. in 
OatuaWs Klc^ss.i No, 57, pp. X17-124. 
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lafccn* by Miirh^n Strimer^ a collmf^ue of (Celsius. The final 
form of oiir tmnlimi ceiiti^^raclo Hcale ih, thoreiore, not that of 
l)ui that of Hferbuior.* 

1’he. iiiinilHn’ of {liff<5rent thnririoniotrio scales in. actiml use 
ill the. cn^htociiih ncntmy iiit;r(5aHO(l greatly. Cfermje Martine 
ia 1740 iiieiitbns I'l of ihoiii; J, JL Lamhert in 1770 ennmer- 
sitoB 10/' AH lait thr(;e of them havc^ paBHod into oblivion. 
AVonbl that the eentii^rade hcuiIb wco’o the sole sumvor! In 
Eijghiud and Anienea tiio Fahrenheit Beale predominates; 
in Irerniaity the Jieauniur; in Franc*e tho Oelsius. Among' 
Moicmti fu' men the last has found aliii{)Bt universal acceptance. 

The {‘arlie.si Hn^rmometi’r cli*.pmiding on the (^xp)anBion and 
cnintrardion of metallic rods was invented about 1747 by Fieter 
irvm of U^yclciL It was improved hy JeMn TMo- 

jfhiit* DrnmjiflterH. AIkuiI tlnrty-fivci years later came the 
|>yroiiiidf*r of Jirnnh by whi(di the high temperar 

of a fnrtiam! wi‘re ineasurod by the diminution in bulk 
of a block prepared from a pure fircKjlay according to certain 
i-iin^ctionsA 

In nofi tliero was invented the first important device far 
t.he jiriieii«*4il ajjplkmtion of stemm. power. 'For over 1000 years 
iifefter HerorHs colipile no progress had been made. During the^- 

* indceci tho enrilt of Inversion be given also to ChvUtin^ apro- 
f#w»r ill Lyons. Hco Poggmdorff^B Anrmim, Vol. 157, 1876, p. Sf)2. 
CliflsItistiridHiroirHfr rimy Imvobeen prompted to make their improvenients 
In tlierBicifiiotry by tlie liotaiiist LimA^ who once wrote in a letter, I wm 
tlnstet who plan tuwl to make our thermometers in which 0 is tire freez- 
ing-piinl and KM) titi ilegnie of boiling water.” Comptm 

VoL 18, p. IIMIII. ll will bo rememi>er©d that the earliest iaggestlom of 

tii© €)f tliwti tempe»tiir« m feed points was mwle by Httygeni. 

* If ARTWi, E$$ 4 g$ andphtlmophiml^ Londoa, 1740; Lambbit, 

2Pff€m^rM^ flerllii, 1770. 

■ » mm. rrm$n tot i% im ; roi. t4, 1794 . 

*G.s % Haxi#wj,v, Ifolntion of the Thermomiler/’ Moimm 
ToLIT., 1805-1S«6, p. 417. 


112 


A HKHTORV OF rHVHK'S 


seventeenth century Bieam-fountaiim were «k‘Higiie<l, !)ut they 
were mercdy intxliiicaiinim of engine, awl were probably 

applied only for onmmcuiial purpiKSf^nd Htune idTori w^as ako 
made by Morlandj Papin, and Savery cxmHtruet, practical 
machines for tlui raising <d water ca driving of mill-works. 
The first Btic.cx^Hsful athunpi in <Mmddne the principli^s iiiifi 
forms of mecJianism then known into an ec'imoniical anil con- 
venient maidiine wjih made hy Thomnn a blai^ksmith 

of Dartmouth, KuKdand. It is probalde that hii knnw of 
Savory’s engine.; Havery lived only fifteen mili*s from the 
residence of Newe.oinen. Assisted by John Cklley, Keweiimen 
(jonstnicded an engim^>™-an ** atmospheric stimiiMmgirifiJ^ A. 
patent was seeunul in ITOo. In 1711 siiclt a machinii waa mt 
up at Wolvej’hampion for the raising of water. Bti*ai« passing 
bom tiie boiler into tlie (cylinder helil tlni piston up against 
the external atmospheric pressure until the passagti laitwi^ii, 
the cylinder and l>oiler was chme.d hy a cwk. Then ilni steam 
in the cylinder was {condensed hy a jet of water. A partial 
vacuum was formed and the air als>ve pressed tlie justoit down* 
This piston wim suspended from one end of an overhainl beam, 
the other end of the beam carrying the pnm|'i-roiL Dtiiagidiera 
tells the story that a boy, Hwinphrey Potter, wito wim cimrgad 
with the duty of opening and closing thii shifecock Imiwoen 
the toiler and (^linder for every strhke, contrived by eatehoi 
and strings an aiitomatic motion of lliti ciwk.® Tim dy-wlitel 
was introdiicjed in 17tMI by Joimtlmn Hulls. Tim next gtml 
improvements were introdnee<.l In Scotliind, by Jmmm Ifr^ 
(1736-1819). He was mlncatel as a malfmiimticiil iiiitritmiint 
maker. In' 1769 ha o|itiiacl a shop in fllMgow. Ilcroitiitif 
interested in 'the steMn-tngina and its liiitory, I«i togaa to 

1 E. H. Tiitmiros, A af af tk$ Wm 

York, ises, p, m 

® TarosTOir, «fl., p* 61. 
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c*S|>r»riiiii*»i in a Hci«‘ntif‘ic iaaniu‘r. IIo took up clionuBtry ami 
wiiB ill luH by Dr. Blm'.kj ilm diHt'.ovorer of 

latfuii ^ ObBorviuK tho gn‘ai Iohh of lioai iu the ‘Naw- 

r*ii| 4 iiia ilni* to iho of tho (’ylindor by tlio jot 

of waior at ovory ntroka, ba. ba.j^aii to tliiuk of lueatiB to koo]> 
tbr ryliiiilar ‘‘alwayn an hoi an thcj .sioam that ontcu*od Ho 
liiiH told m how* filially, tlin happy thought Hoiniriiig tluB end 
lll•«‘lirrotl to him ; “ ! had g<mo to take a walk on a fine Babbath 
afterrifwiio I had i*iit4*red the (*r(*on by the gate at the foot 
of C!liarloiti* Sirefii, liud hml pUBHod tluMdd 'waHhiugdiouBe. I 
%vm tiiiiikiug uj>oii ilie f»ugiiu*. at the time, and had gone as far 
m the lieril-B houm% when the idea (:?aine into my mind that, 
m Hbiiin wim an elastic laaly, it would rush into a vacmum, 
and, if a communication were made hetwc‘on the cylinder and 
an i*sdiaii8i<*d vi*HseI, it wouhl rush into it, and miglit be there 
comloiiiaal without c<Miling the cylinder.”^ The piston was 
now movi*d liy the UKpansion of steam, not l)y air pressure, 
ii» in Kewcornerds engine. Watt introduced a separate con- 
densttr, a «f4!am-jEcket, and other improvements. He de- 
servedly iommEiids ii preilininent platm- among those who took 
pari ill the cleviilopinent of the steam-engine. 

During the previous century the leading seiehtists saw more 
or less chmriy thiit heat was clue to moleoulat motion. But 
this correct view was fimlly abandoned in the eighteenth 
coiiliiiy in favour of a materialistio theoiy. We have here a 
gcMsl illtiilriitton of the fact that the path of scienoe is not 
alwiiyi in a forward dirisdicm — not always like the march of 
an army toward mmm definite end. Bays Langley, I believe 
this tmmiMnmm of the progress of science to that of an army, 
which otii?y» an impulitf fmm one head, has more error than 

^ TiiifiimiM, #p* p. ea. Than, and for a long time altw, the itudy 
of tJiiati up ill rtiiftiiitry, net In physios. 

* op. ei., f . ih 
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truth in it; and, though all an* lyoro or 1 #*sk iiiiHloaih 

ing, 1 would prefer to imk you to think ratJier of a moving 
(jrowd, where the direcdlon td the wlioie efinio.H .Hoiindiow from 
the independent impnl.HeH of it.n individual ineiiiherH; not 
wholly unlike a pjmk of hounds, whieh, in ilu! long run, |»er- 
hapB, eatcheB itn game, hut whc*r<% ninuu-llif^h^Hs, when a.i fault, 
ea(di, individual goen hin own way, hy n«>i hy siglii, some 

running hack and Home forward; where the loiider^voieed bring 
many to follow them, nearly an in Ihe wu’ong path a-H in 

the right ono; where the f?ntire park even haa Imuui known 
to move off bmlily on a fake Heentd^ * 

The earlioBt tiiM^en of the theory that heat h iiiatier are 
found in aneient Greeee among Deimmritiw and K|ueurtw. In 
modern timeg it wag adywated hy 

who wa« at one time proftiggor «if niaiheniatieg at llie (Mihjt* 
Royal in Parig* fla wag a man of ahiliiy, hut in pliygies 
his efforts were speeuilative rather than f»?c|au'imentaL* I’lie 
a(^ee})tanee of the theory that heat is a material iigeiii %vas 
facilitated through the previous inirotlueiioii liy Hmmj Ern»t 
Stahl professor at the lliiivi^rHity of Halle, of the 

erroneoui theory of eombi^tion, mmording to wliieli a liiiriiiiig 
body gave off a subitanee called phlogiitcirn^’ Himi siiidi iigeiit 
paved the way for the otlier. In 17*18 tlia Frefic!li AeiMliniiy 
of Seieneiis offered a priMi ciiieition on lliii niitiiro of heat 
The wiimers of the pri'^e (Eiikr wiw one of iln^ i fiivoiired 
the materi^iitie tlieory/ At first the only pro|M*rties postu- 
lated for this inaterml apiiit*, called iieiit, were tliiifc it muis 
highly ©iMtie and that iti particliis n*.pelled eitcli liy 

.this repnlsion the fimt that hot kalits give off lif*at eoiiltl he 

* 8. P. Laiiomy,, op* e#*, p* I* 

* G. B»»f nets, «»i 4 Mmk, Wirmmk§:mMf lltldtlbiri, 

lS7i, M* 

Bbbwolu, tp» p. 0, 
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explained. Later it was assumed that the heat particles at^ 
tracted ordinary matter^ and that this heat was distributed 
among bodies in quantities proportional to their mutual at- 
tractions (or their capacities for heat). By the close of the 
eighteenth century this theory met with almost universal 
acceptance. Marat, afterwards famous, as a leader in the 
French Kevolution, gave in 1780 an exposition of this theory 
by starting from Newton’s corpuscular theory of light. It 
was first vigorously attacked by an American, Count Rumford, 
but as late as 1856 it received preference over the dynamic 
theory in the article Heat ” in the Encyclopoedia Britannica 
(8th edition). 

In spite of erroneous theories some new facts were found 
out regarding heat. Black discovered what he termed latent 
heat” and capacity for heat” (specific heat). ^Joseph Black 
(1728-1799) was born at Bordeaux, where his father, a native 
of Belfast, was settled as a wine merchant. He was professor 
at Glasgow, and at Edinburgh after 1766. He is well known 
as the founder of pneumatic chemistry. 

In 1756 he began to meditate over the perplexing slowness 
with which ice melts and water is dissipated in boiling. He 
finally concluded that a large quantity of heat is consumed 
simply in bringing about these changes of state, without even 
the least alteration in temperature, and that the cause of this 
disappearance is a quasi-chemical combination between the 
particles of the substance and the subtle fluid called heat. 
According to his view this heat was ^Gatent”; according to 
the modern view there is no latent heat,” but a transformar 
tion of energy takes place, the energy in form of heat becom- 
ing potential energy conferred on the material particles.^ 
Modern students need not feel disheartened over their feilure 


1 Die. of Nat. Biog, 


: • i' ' i- . 
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to obtain at once mniraie valuer fi»r ilif heat of vaporimtion 
of water. The fanumn lihu’.k and hin lrviii<% olitained 

41T, later 4IK); the true value (at Hiandard at.iufm|ilir*rie press- 
ure) being 535. For the heat of fusitui In* olilaiued by the 
method of mixture.s 77.H, the more acautraie value ladiig 
(Bunsen). 

During Black’s lifetime his great (liiieov<»ries on heat re» 
mained unpublished, but after 1751 he exjdaiued iliem in his 
lectures, dwelling with H<!date elof|uenee on tlte lienetuamt 
effects of the arrangement in cheeking unit rcgiilafiitg tin* 
processes of nature.* His discoveries not only formed the 
basis of calorimetry, but tliey gave the first iiiijiiike to Wait’s 
improvements in the steanHuigiiie. 

Disliking the publicity of iiuthorship, Black ditl not vindi- 
cate his claims to priority. As might l>e ei,j>ected, the same 
ideas were worked out liy others. Jmtti Amir*^ Ikifw m Ihiris 
and Johann Karl Wilke in Bweditti worked along the same 
lines. 

The great chemist, Anioim Idmrmt jMmmirr (17 4B-APM), 
guillotined during the Fraticli liovolutioii, riniy Im ri*gard<fd 
as a disciple of In cciiijiincitioii with Pkm Mimi.m 

La^am (174:9-“182T), Ijavoisier deieritiiiifd, iilujut 17li% the 
specific heats of a numlier of sulMtam^es, They dcilfpieii the 
ingtmment now known as Laplmm’s ieii ealoriiiitter, liitt 
and Wilke had employed the method of tliii ic« cmloriintter 
before them.* 

^ me. m Bing. 

^ I^V0igi«* and Jotat jpptw In Mimoim ir PAmM- 

1780, p. S05 (aetai^ly printed ib»© or four titer Hite date). 
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ELECTKICITY AND MAGNETISM 


No branch of physics was cultivated during the eighteenth 
century so successfully as electricity. Research was confined 
to electrostatics until about 1790^ when the study of current 
elecitricity began. 

Stephen Gray (?~1736), a pensioner at the Charterhouse, 
England, discovered that the difference in electric conduc- 
tivity depends, not upon the colour of objects or some similar 
quality, but on the material of which bodies are composed. 
Thus, metal wire condticts ; silk does not. He demonstrated 
that the human body is a conductor, and was the first to 
electrify a human being (1730). A boy was suspended in 
the air by silken strings. Later Gray observed that con- 
ductors can be insulated by placing them on cakes of resin. 

In France, Gray’s experiments attracted the attention of 
Charles Frangois de Cistemay du Fay (1698-1739), who had 
been educated as a soldier but devoted his maturer years to 
scientific pursuits, j^ perimentation led him to the unex- 
pected conclusion that all bodies admit of being electrified; 
in other words, that all bodies possess the property which 
for ages was supposed to be peculiar to amber. Hence the 
classification of bodies (introduced by Gilbert) into '^electrics” 
(capable of being electrified by friction) and ^^non-electrics” 
(not possessing this property) was found to have no founda- 
tion in fact. Du Fay noticed the discharging power of flames. 
Suspending himself by silk cords, in the manner taught by 
Gray, he observed that when he was electrified and another 
person came near, there issued from his body pricking shoots, 
making a crackling noise. In the dark these shoots were so 
many sparks of fire* ^^The Abb^ Nollet says he shall never 
forget the surprise which the first electrical spark which was 
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ever drawn from the human body excited, !)oth in Mr. Du Fay 
and in himself.^^ ^ 

Du Fay discovered that there are two kirulB of electricity, 
which he named the vitreoiiH ami the remnous. Later the 
sairie observation was made ind(i|»endeiitly by Elmnmir Kin- 
nersUy of rhiladclphia. I'o explain (‘le(;tri(? attrm'.tion and 
repulsion Du Fay j)OBtulated the (‘xistemn* of two fluids which 
are separated by friction and which ncnitralixo eiwli other when 
they combine. This is the earliest important attempt at a 
theory of electric phenomena. It was elaborated more fully 
as a rival of Frankliids one-fluid theory hy the Englishman 
Robert Synmer. 

Considerable attention was paid at this time to the |>erfec- 
tion of the electric friction machine. It assumed a supreme 
importance in laboratories, until finally it was Bup|)lanted by 
the influence machines of Iloltx and 'rdplar. For llauksbecfs 
glass globe, Andrmji) Gordon in Erfurt substituted a glass cyl- 
inder. MttHin Flmta of Grison, Switzerland, and hater the 
optician JentBe Rimmleni, of London, introduced circular glass 
plates. In place of the dry palm of the hand, held against the 
rotating glass, Johann IMnritE Winkler of lioipzig prepared a 
leather cushion rubber, whicli was prcmsed against fclie glass by 
a spring. John (Jmikm, in 1762, secured still lietter results by 
applying tin amalgam to the rubber.® 

About 1746 electric experimentation became m |>opiilar that 
in Holland and Qannany public exhibitions war© givan. Many 
persons experimented for their own amusement. Among these 
was KmaM Georg KhM (died 174S), dean of thii cafcliedral 
in Camin, Pomerania. Once, in 1746, he endeavoured to charge 
a bottle by conduction. He observed that, whan he held, in 

1 Pbibstmt, Ei»L of London, 1T75, p. 4T. 

« For drawinp of various maehinti, see 0. Ai^sescht, Mlm* 

trmm, mm, pp. 20-30 ; Tmirntmt, MM, ofMimi., I%t« 
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Iiis Iiiiitcl a niiia!! |itiiii! with a nail in it, an<l electrified the 
iMiil hy with conductor of a nuudihie^ the nail 

hwiiiic mi iitr«Ui||ly electrified that hj touching it with the 
cillier liiitid he rcccivi?d a ghock whidi gttinncil hin anng and 
«liiiiililcrii* llii? gaiiic- ilincovery mm nunle in 174f> in a simi- 
lar iriaiiiicr at Lcyilen, llolIaiuL Pieter nm MMumhenbroek 
in Ilk «lay a renowned jihysicust, attempted to 
elcclrify water in a bdtlc. At a trial, (hmmm^ one of his 
friciMls, tiidii llii! kiiilc in one Itiiml, and after a "while pro- 
ecwit*il with llio other hand to remove the wire eonnaeting the 
water l«i iln* jiriiiitt coiiiliictor. He wm surprised by a sudden 
»lioi*k iii Ids anus and hreimt. Tims wim disemve^red what 
we now call llie ** Ley dun Miiisehenbroek reiKaated the 

expiiriiiiitfil ami llieri wrote to IMauitmr *Hhat he would not 
Like another slioc-k for the kingdom of France/^ More heroic 
ieiiliiiieiits wf?rc mpmmml by Frofessor of Wittenberg. 
III! wiiliifii III! iiiiglit lilt by the eleotric iln|>c|,.tlmt the account 
Ilf Itii deiilli iiiiglit ftiriiiih an arthda for ^^l^moiri of the 
Freiieti Aeailiwiy of Heitntm* 

Thu iiiveiitioit of ilit laiydeii jar gave still greater icM to 
electricity. In alnioit every country of luropa numbers- of 
liermiim gaiin^il a liveliltwl by going atont and showing the 
ex|i#rtiiiiiiiy. Wiiiklfir of I^eiprig proved that Von Kleist was 
wrong in that the human liody played an asisntial 

|iart ill till! itisiiliarge of the jar. Ha imiiitiil out that any 
eofiiliictnr eonti^ctitif ill# istit-de amtirig to the outside MIy 
ailiweritil Ittii 

M«i«liitilir«ik% Mltr to Elaiimur did not deter Irench 
pWli^tilitrg froia taprliiiiiitetioin AIM who in 

* In Cunaew iiiatli at Ms 

tell#, wliil# •nd^foirittg m mm eaprtaaiato- be had mm Mm* 

prfo-iw* ■ ■ ^ 

» ifv p* 
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France was even more celebrated tlian wan Musscheubroek 
Holland, repeated tlie Leyclt*n jar exprn-iinentH on hiiuHelf. 
He tlien, in the King’s prcHem^t*, passf*d the. discharge through 
180 guards. Later the t’arthusian monks at the convent in 
Paris were fonucsl into a line 000 feet long, l>j means of iron 
wires between every two persons, aticl the whole company, 
upon the discharge of the jar, gave* a sudden spring at the 
same instant. This Isdiaviour of the austere nionks must have 
been ludicnous in the extreme. Experimenters in France and 
elsewhere killc*d birds and other animals by the discduirgi* 
the Leyden jar; they ]iassod the discliarge king distances 
through water across rivers and laki*H; they magnetized 
needles by it and meltid thin wire. 11m discovery of the 
Leyden jar was liailcsl as a great ndvamte in science* Ho 
doubt its importauce wm at tlni time overesfiniatecL 

Borne of the boldest reseandtcH and profoumlest theories of 
the eighteenth century were s<H>n to a#Iviim»ed in far-off 
America by Jk^ijamm Frunklin (1706-“171H)). Altlmugh in his 
youth only a printer’s apprentice, he devcdo|H!d iiit«» a man of 
unusual powers, not only in tlm fields of politiifs and diplo- 
macy, but also in {diystcal research* At tlie iigis of forty ha 
hapirenad to see Hr* B|KUica from Bcotland perform somii 
electrical experiments at liostori, Tim iiilijacfc was now to 
him. After returning to Fliiladiilpltia the Library Company 
in that city received from Peter Qdlimmh a Loiicloii merclmiit 
lund member of the Royal 8<miety, a gliws tnl)#, with iiistriic- 
tions how to use it in electriciil ex.i»ri merits* Prankllti’i 
curiosity having been excitad, he Imgair to rtail Wateoii’’i ax- 
periments, and also to experhtietil for In liii first 

^ W0rk$ e/ FrunkUmf edited by Jaiw SiP4«i| IliwtoBt ISST, 

ToL V., pp* HS-tW* foltmie conialiti 'Ffniklln’* fanniis Ittlif* m 
el^riclty ; al» am appendix e^itelnlnf Ititew by ? arliiw »«flf 

rMpectIng FnmMla^i ilicof^lm 
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ti* Maivh *JH, ITIT, li<‘ iltartks for 

iiilii*/* ;uiil .* ** I ui‘vi*r wan hoftjro oogaged 
III any f4..n*ly fliat. toially ongagnd my atfoaiina ami my 
liiiit? iM lliiH lia.H lali'Iy Ilin liomo oamo to bo frtv 

f|iii*fit4f4 by riiritJiiity Hooki-rH. wm foraied a Hmall 

grniiji *if it4Vi»htigat4}rH, riHminiiiig of FrankUn^ Elmuntr Km^ 
Th*$m*m Utipkiumut^ and Philip Fiitfj, In this next 
lolii^r l«i .Inly I!» I7-IT, Franklin domtriboB the 

** winiilrrCiil nffVi’i nf |;rtiiitti»d hudioB, IhsUi in drawing off and 
tlirini’iiig fill llii! fd*‘i’lri«‘al tiro.'’ Thin aolioit of |Miinte had 
lm*u ii!mor%***il by otlmra, bnt Franklin mm tins firni fully to 
roali^.o itn isii|»it1iiiii*o and t-o \m% it to ttait, 

Tliin Irllor riinliiiim Frankltfi’a fclioory of o Iocs trinity, 

whit*|i «*xjil;isii»’d jdpupiniona morn Matiafaistorily than atiy othar 
iifi l«i tliai liino, IIo anpjasaod that idiattrio firci in 
i,i tdioiionl/^imi.^iing in all ballon. It a bnly aisquirad 

iiifiri* lliiiii iti loiriiial uliiiro, ti waB oiilhtd If Iobb, it was 

Tliim, iiisteMi of l.hi Fay*s two*fIuid 
lhi«irj% Frmiikliri advinmlod ii oiii4iiid ttioory. To him wa 
owft tlifi filitu anil or ** jioiitt va and naga- 

lifis ” idoi*lri«!ily. Tldi ttialorial lliaoiy liohl its own until tha 
of Fariiilay iiiiil Maicwpll Sitiea than w© fiiir© teoma 
i|iiilii ooiitiitri^il llial tlm’lriolty m not innttor. Franklin ©x* 
jiliilfiwl ill# r1iarg#il I^yfloii jiif m aontaiiiiiig on oriti clouting an 
tff ilir ilnifb ”11 filoiiiifi'i Ilf ©lacdrifiitl flro/* and on tht 
otlirf II « fitrisiiiii Ilf 111 # saitm flriij,” bill roiilly caintainitig no 
rl#rfri«nly Itiaii litforo ©Imrging.* II© aliowiid ojcjMirb 
iiioiiliilly lliai «lti© wliol# fora© of ilia bittl© aitcl j'Miwisr of 
giving a m in tti« glasi itiiilf (p, 201), 

III fTli Fraiiklifi wtlil Iiii prliititig lioiiw, itowsimiwr, and 
aliiiiiiiii#i willi tlin mmw of ^tiring from hiwiiiiiii anil diiwling 


» Wmk», Will* p lil. 
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all his time to electrical cx|»criiiH*iitH. He ec|uip|>eii himself 
with mew apparatus. Mis friend Kimiernley proved that the 
Leyden phial can be as easily t*letttriHed by sparks |>a8sing to 
the outside as to the inside (p. 107). In 1740 Franklin states 
in a letter to (jollinson that hot weathitr is coiiung on, when 
electrical experiments are not ho agreeable/^ and he propoged 
to end the season with an eht(*,tric party. ** A turkey is to bi» 
killed for our dinner by the tdectirieal shock, and ro«a8ied Ijy the 
electric-al jack, before a fire kindled by the eliHdrifieil bcdtla 
(p. 211). But before the*, summer of 1740 he enteniii upon 
more serious reflections. At this time Franklin first suggested 
the idea of explaining lightning on cdectrical principles. Thc! 
conje(diire that the natur<^ of liglitidng was tlu! same as that of 
the electric spark had Ikuui made Is? fore. " Ctriiy, Wall, Nollet, 
Freke, Winkler, Iiad all expressed this tlnmght* Franklin 
probably did not know of thfjse conjecfcuri*». Though iumirmy 
to the then prevalent theory of lightning, they certainly war- 
ranted soma one in making an exfierimental tififc. Thunder 
and lightning were generally Isdieved to Imi due to exploding 
gases, though opinions differed to the nature of ihi gmm* 
In 1737 Franklin ladieved lightning in Im^ due to intlaiii- 
mabla breath of the Pyrites, wliicdi is a aubtlii sitl|iliiir, and 
takes fire of itself.’^ As alremly stated, in t!i« early iiiimniir 
of 1749, he advanced the electrical theory, and leoricsiriid twld 
plans for experimaritatian* The heat of summer did not ilfiter 
him and Kiiinergley from axpcriinenliitiom IJiiiIur llii* date of 
November 7, 1749, the following passugii m foitiid in his initt- 
tooks Electrical fluid agrees with Hghliiiiig in iltcse par- 
ticulars: (1) Giving light* colour of the light; (3) crooked 
direction ; (4) swift motion | (H) ladiig coiidiicteil by melali ; 
,(6) erack or noil# ha oiplodliif | (f) iiihsiiting in water or 


^ B«W4lilW| p# 174 ; 
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iff*; f8| ri'iiftirig licwliim i% paH«6ii thn»ug!i; (9) dcwtmying 
aiiiiiiak; (III) mi*talH; (U) firing inHarnmaliln iml>- 

stoiri'ti; il2Miilpliiiroim mxmW Will lightning Iw ati.ra(‘.t«cl 
iiiifi tiff by fMiintM like the eleetrie flnicl in hig jarg? 

Iliry iigri»*» in all the parthnilarB wlic^rnin wcHJan alreiwly 
e4'iiii|inrr* m it iifit prnhahli! that they agree likewine in 

thin? l#et llift i»Ejw»ritiieiit he ininh*?’ P>y the ae.tion of points 
he |irrijftwi*il f« ilmiv tliiwii i\m lightning. «On tlm toji of somo 
high or stoeple, a kind of BontrydK)x (as in Ifig. 

I3h liig eiitiiigh in roiitaln a man anti an’ 
trim! wiiiiifl. From ilm itiiddle of tlm ntand let 
an iron rixl riso iinfl pass, lM»nding out of the 
aiid tiien upright twiuity or thirty ftud, 

{wirilofl fory sharp at the eial. If the ehadrittal 
iifancl Im kept idnin and dry, a man Ht4in<Hng on 
it, when aiieh idonda lire passing low, might Ih^ 
idfietritiiai iiiiil affonl sparks, the md drawing 
iire^ III liiiti from a (dimdd’ these things 
are so, way not lliti kiiowletlge of tliis {iciwer 
of |SMftts Im Ilf iw« to mankind In {irasiirv- 
iiif tiiiiiiri, cliiiridies, ships, from the stroke of light- 
tiiiif ? . . * 

Bneh ara Ifie llioiiglits eomiitimieated in a letter to CJollinson 
ill •Iiilyi ITMI, an«l siihniittad hy him to the Eoyiil Society. 
That Isnlj at first riwiml the new iihms with derision. The 
filaiii seeiiiwt tiikiiiwy.* A« the Eoyal Srmiety fades! to 
Mill iiiy thiiif litil a brief notice of Fmriklitdii researehei, Col- 


* Wwm, pp. m, m% 

* ymm later (IIS), al^*r fmnkllrds researehw hti mti witib 

th# piri ol Freneli icltritliite ftiid thii f r«a©l 
M«i, tills E^ii tei3tey him rba Copley w^M. lit# pr«i4iiit . 

«i lh« m^mim of tli« awanl is glveti in Frartkllidi Ifort#, Vol. 'V., 
^ W-W. Itt Ifli f»fiWlii was iltcltd a«w^r of the M&ysi Sooto^* 
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linBon determined to bring out the lidter.H without its imprint 
By the additional letterg that arrivt^d later, iliey nwidled it) a 
(piarto volume which pmsged through five ecliiiouH. Seventeen 
years aftc^r the Hrst publicaition, Brientley wrote ; "^Notldng 
was ever written iqjon the Hubje<*t of eleedrieiiy wfiieh was 
more generally read aiul admired in all juirtn of Enrofie than 
these lettivrs. There is hanlly any European language into 
which they have not l>ecni translated; and, us if this were, 
not sufficient to make them |>roperly known, a iraimlaiion of 
them has lately beam made in Latin/'* 

In America pojmlar (mrioHity ran lilgin Kinnersley Htarteti 
on a lecturing tonr, showing <tle<d.rie ex|ii‘rinients anil winning 
applause. In New York, Newport, and Boston these lectures 
produced a genuine sensati(»n. ** Fanmiil Hall resounded with 
the cracjks and snaps of his jars and glote*s, long they 

echoed the impaHsiomul (dcK|Uf*iH;e of ihf», orators of the R«wo* 
Intion.’’® 

Franklin was of the opinion that no Intilding in Bliiliwlelphla 
or lull near by was high enough to enable him to jierff^rin the 
eic|Miriment with the sentry-lmx. Whila he was imiteiivoiiring 
to raise money hy means of a lottery for the ereetion of a sjiire 
of sufficient height, news came that the experiment liad hmm 
triad iuccassfully at M'arly-he-Ville, near Faria, hy iMliiMrtl, 
under the auspices of the Frencli king. How was it done ? 
Simply hy a rod W melriNi (40 feet) high, itisiiliited at ite 
base, and resting upon a imiill table within a itiiall c^abin. 
Mi'terd initructed an old dragmin te watch for eloiids. A 
brass wire mounted in a glasi kittle wiui gotten rtarly for tliii 
purpose of drawing off sprki from the rofi After several 
days^' waiting, a tliundsr-elotici appeared oit May HI, 17r>2. The 
dr^ooa approaehad the wire to the rod, and thert wm a lively 
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eraekliiig of Hparkg. Th^ flainc^ and Bulphtirous odour were 
ovidoiitlv inforriaL Th<i terrified dragoon rlropped the wire 
aiiil shoiiioil to hiH rieighhuurH to send for the village priest 
llii% lattfu* wuH braver than the dragoon. He began to experi- 
niiuii for iiinim'lf and dre.w 8 |)arkH from the rod. He eom- 
iiinnieaiod th»‘ re.mdiH to Dalibard.* Franklin’s idea ceaseB 
to Im* a wrii(*H Dalihard; ^^liore it has beeoroe a 

reality/’ A week later Ih4or in I’aris reiieated the experi- 
\%ith a r<«l 0‘J nudres (IH) feed,) high. 

Franklin IdniHelf did not regard the tests in Paris eon- 
eliiHive. He mas not fully <’onvinee<l that the Frmiehmen’s 
rotls had bee«inie eltHdrified by lightning. Tlu‘, rods did not 
reaeli lip inti tire ehiuds. A new idea tiashed into his mind. 
Why not si*inl a kite np into the very interior of the cloud, 
iiinl eoinltief the light iiing down on its cord’/ He prepared a 
kite. ** Make a Hinali erosH,” he writim afterwards to C/ollinson; 
**iif two light strifm of eiHiar, the arms so long as to rcMwdi to 
ilie four eorners of a large thin silk handkerchief when ex- 
iiuiiifil ; til* the eo-rners of the hamikmtdnef to the extremities 
Ilf till! cross, so you have the Isaly of a kite; ... to the top of 
the iijiright stick of the cross is to te fixed a very sharp- 
jsiitiieil wdre, rising 11 fiMii or more above the wood. I’o the 
ciiil of the twine next the hand is to Im tied a silk ribbon, and 
where tin* silk anil twdne join, a key may be fastened.”'^ With 
thii appiiriitiw lie went out on the common, accompanied only 
by liiii son. Hit placed liirnielf under a shed to avoid the rain, 
anil rained tliii kite. A. thiiiider-elond passed, but as yet there 
was iio sign of idwtriciity. He almost dsipaired of success, 
wliifii siiijilenly lio ol»trveil the loose fibres of the string erect 

* Till! priest’s filler, as almi ItallbarcPs roroiinmicatlon to the French 
«i% giftii iti fwmkIfiCs FoL V., pp, Sti Mio 

|I. 

® ¥oh V., p. 
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themselves. lie now presented a knm^kle k> the key, and re- 
ceived a strong spark.^ What exquisite pleasiire that spark 
must have given him ! Mora sparks were obtained ; a Leyden 
jar was charged, a shook given, etc. lie had demonstrated 
that lightning is an (dectrie phenomenon. 

“In Septeinl)er, lTo2,^’ says Franklin, “ I crf*eted im iron rod 
to draw the lightning down into my house, in order to make 
some experiuumts on it, witli two hells to give notice when the 
rod should be (dcijtrified.’** Ht» then eoneluded from a numlier 
of experiments “ that the (douds of thuntler-gust are most com- 
monly in a negative state of cdeciricity, hut soinetiines in a 
positive state” (p. 304).® .Hence, “for tlia most part, in 
thunder-strokes it is the earth that strikes into the cloucli, 2 ni,d 
not the cdouds that strike into the earth ” (p. CIOS). 

B'ranklirds experiments on atmo8|>heric electricity were re- 
peated everywhere. The 'B*rem*h physlcdan, Lonh OuUkmnie 
Lemonnler^ found that the atmosphere is always eleedrie, even 
when no clouds are in sight Omnj WHhelm Mkhmarntf of 
Ht Tetergburg, was struck dead while ex|>arimenting with 
lightning in 1753. .Detailed reports of the effect on the 
various organs of Ids body ware publislitd by ickintific socie- 
ties. Says Priestley,*^ “ It is not given to every electrician to 
die in so glorious a manner as the juitly envied Rieliinaim.” 

Pmnklin^s suggestion to protect builciings by lightning-rods 
was first carried out in 1754 by Pmt^ppim IMnkck^ a clcrgyiiiaft 
at Frendite, in Mihren. In 1760 Franklin eieetod one on a 
building in Philadelphia* ‘WUUam IFalion erected the fiwt 
lightning-rod in England in 1762. In 1782 ibert were about 
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4fM) mdn in Pliihwli^jiliia. .At firnfc Home oppogition, to their 
ereetiiiri wan made hy n*riairi tlieologiaim. It wan argued that 
m tliiiiider iirid light niitg were tokeim <d divine wratli^ it was 
itii|iiiiiis to iiiteriVre with their power of degtnietiond To 
this iirgiiiiieiit Jfihn Il7/d/o‘op, the first profesHor of physics 
at liarvani C:!filleg«\ gave the cominoieHeime reply: is as 

iiiiieli ciiir duly lo mffuire ourselveH against ttie eflecite of liglit- 
iiitig m iigiiiiist lliose of rain, snow, and wind, hy t!ia means 
l.ltif'l Inis pill iiilo oiir haiids.^’ ^ 

Kiiftrieiieit goon provcfl that rods were not an ahsolnte pro- 
toeliiiii agniiisi lightning. Failure to prote<»,t was then and 
long aftarwuirik atirilaiied either to Isnl earth connection or 
to diill iKurils, Furious tiiiprovements in constrnetion were 
Iltii the rf*ii! difilmdty was not riicognized until 
iieiiriy a eeritiiry Inter. Franklitdi theory of the Mtion of 
the nnl wm irieiwiplete. Wii now Iwglii to mm that the fail- 
ure of imr«fii!!y erected roils to protect is due to the fact 
that the diicfiarge may im oscillatory.^ 

* A. P, WuiT«i mUh 'Fftmlogy^ Vol L, 

p. 

* Fur an m&mni of JuJIa WMkmpi ii« W. #h YmmASS, Momm af 
B^mm in Afmrimt Kiiw fork, liiS. 

* fl*»* for liwtoriee. a papir liossaT PATtis^m of Philadelphia ia 

dm. mUm, gmidp, Vol IIL, 1711% pp. m% mh 

* Franklin niippllcil ilartard Oollege with elictrie&l app^mtui. In a 

litter of I7fti lii.flpeaki itf lli# ahipmitrit of Jaw. Before tlili tlm# 

tl« ifiiiRictifiii §»' eltcirWiy at llarmnd mmt have heen riuilo metgni. 
Amiiiti waatiicript nfitwi of iiaellini leotuinesoii astrmminy, and a tew m 
llgit anti #l«ilrteltf » fnwfmrrf hy dnhti Wlntlirop In I7IH), thowi fi only 
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In 17CKI Diik^li fravf*ll«»rH f^tiiriiiiilirir friim i 

Thay obKarvad tliai it rjifaltl** iif jittr;pluiii tli** 
on glowing paat. Itn pnifii^rtirH wm* t^%muttir4 /Vii»s 
UItMi Thmdtir .^'Kptntin and itJttI H'Iih run* 

cluclaci that it |M?(‘aiiio alafi.rilir*l by it,fi lijilu r;irryiii|| 

ehargOH of oppoHita iiign. T^n't^^-rn Ikriim^vm m 

ITIib iliiit it wiiH not Htunnali Iba brat fbat |»r»*fbirri| r-lartrinlf 
as it was ilia liiflaronai* in liiii|#i*nifora %i.h pmU; t}iiit 

on fooling Iba fhiirga at aaali *ai*l w iirujmmi$% 

Wiimm and Jo/oi foiiial Ibiii tlif i4f*rirtr of 

tourmalins was shiirml liy otlo^r rrysials. 

During tlio latt4»r part of tlio ingbtMail!i rrii|.iiry iIip fimi 
importiint stops wtm lMh*n in tlii^ way of nmimnmmmis 

in statif ffl«*fcrifsty. fti tliis tifl*l of rosrarr li wr iiiwi two gri*ii 
imm«i Caviniflisli and ("oiiloinb* ® Ci7nb- 

1810) at.ti*ni!ial IVtfrbrnisP Cbilii»gf, Ibaiiilirnlgfn and iillfrw.iirfi 
livad fbiffly in Lotnslon. Thn grrvat oliurnrity liaiigiiig iivi»r 
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li«* #4ijrrt#**i t«i iiiij with }ii« fiiiitiilii 

® *'* If*’ fii'itlijihly iiit.i*m{ w^trnlH iti thfi eoiireii 

*»f liiH lif»* liuiri miij liijiii will! iwi*r tivwl to fcHirmtort’i yiw»^ 
iiffl :it ;i|} imri*jitiiii: tiir of Ija TriipiMi,^- (!av«iitdi«li^« 

wlioh* r-*i»f4»iiri» wm in liin liil«im't4»ry riiif! lii« library*® Hiii 
^*11 *'lrrtrf»j*lat.irg ivi^r«* tha and 

r*f till*’ y«^itr 177*1, but iinfMibliHliittL Hn |iritifa«l wily 

ti%’#i rlitr’lrir and tliam! awitaiiiatl inaUnr nf iwnwidary 

iiiijisirtiiiina, Abitii It riiiliury laiar, iti lH7!i| diimiiH (Jliirk 
|fiiblii*li«"'d II bwik tiiiili^r tha iitla, HmmrAm 

mf fli-a itmmrnmkifi //i^ary writtwi iMitwaaii 1771 and 

17IIL. myn Miiiwidl, ** prnvii that (Javwuliih 

Iiiiil aiilirijiatud ntmrly all tlifinii grant fanlii in cdwdricdty wliiah 
at a tiitar jwriwl wnra inadt* kmiwii hi tlai anitmtifin world 
tl'irwiigli lilt* wriliiiganf ronlwiihiiiid ilia Frwioh pliiloaopliora/’ 
tiiailo lli« mpmiiy of aniidanaara a aalijocst'of invc»» 
Itgalpiii, iiipI rwiiil, runted for htiiiaolf a oonudaio sot of con- 
il«iiiii^r.i tif liiifiwii ifa|iiii!ity> by whiiili hi mcastircd tha capacity 
of mrmm pm^m t$f tpfmmtna. A battery of 49 Jars was 
tmtmi til mulMm 321 *«MII ** iiiffliits of tlicfcrlcily ” (atetit | micro- 
tmmi}. liw ^*iii#diis of okoirtcity’^ wcprcii the diatitefcar of 
tlia pptteff! of im|m«dly* 0itr modorii, alictroitatic 

of mimeity differ frotii thin iimply in fclit nii 

« m. MmL Itfef *. 

« toifi iJm-9 l^ondon, iaS» p* tOd, 

• Iteiiff ofi» at a dittwif to ilt iiiuct to Wllliain 

fiti« Imi two cottitiniiftiwi teliscops of mnk nnhiawl-of mag- 

iiltiiite ititl ar««ifiirf of lial a ute tin without ♦* 

** lilllrtiCi Dr. Hifficliil, 

liil f»« ^ II# mm wai^f m a tMWincd Urn 

whntt tl# dio|t|ii^^ lit ai lh« dmm of diiiiwrt Dtf wo 

dtoli mpmM **ltettnd m a biitiiittf’’ m a 

li« iteeter* wid no wiort mm »I4. f »» Mtb 
tk « iir to m. Mm. fftof . 
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of in nf ** iiirti#%*i ” imij 

fliamninr/’ I'avt’inliHh ;iiitiri|a!«*4 Fanniay in thr 4i-ir<iin»ry 
of H|><*cnlk'. iiiitiirtivo oa|moit.y *4 h%ihht;mvr:H ainl 

iioal tliin f|uaiit'ity f«»r fiina*ral miliMtaiif**##. loir |aratliii }io 
frniiicl tlio vahtoH !.H| Id wliilo irn»r«^ rrr^*iilly ll*4l/tii;iiiii 
liaH givi*ii Wnlliior Tin* {^rrmling 

ideas presiip|«me the iiolioii of iMit.enlial. llii# iraA intro, 
chieeii hy Favendish under the niiiiie **i|e|»r**e nf elerliifir;^ 
tion.’-^ ife proved tliai riiiifgs'ti renitie im fJir itirfiieei 

of (jondiieiorH and tliiit the iderlrie forre vmnm nm*tm:4y iia 
the ncpiao! of the dii^taiiei% or ill k*m% eiiiiiiol itiffiir fniiii llial 
ratio by inore ibaii part. In irw. In* «iiii|ilp|e4 an iiiiiiiiry 
wliieh aiiioimiH to an ariiMtijifition of illiiiFs 

It in II malhtr of tiiitlf*avetifli»li iliil fiolnitn irienilili 
of bb liny llto lafiiefit of Ida fiir-rmrliing rnwill#. li k rii» 
iimrkablf* iliat, wldlti (^aveiniiaii miptmlml mw niiieejiln, wifl 
engagud largely in eleetriit meiwirfniietilai tie wm iir* inteiitor 
of niiw ap|mrat4ia. C!i:inlfniib ittfinitoi Iliii loriioti ; 

A.bmhaiii Ileniiot, in 17W, liroiiglil forlli llii gidildimf idiMilro* 
ic,eoj:w5| liut Ctiiveridinh deiiignrii tiri iiiailar iiiilriiiiitiit#, Jit 
iiiid llie pitlidiill ideetroinetnr. 

Ohmrlm AmjnMm Vmhmb (tTM-AMI) wm Iwm ».t AnfOii# 
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wm,r, llif^y Iiim in aciiiiiiiinininl. 'Lnltir tlia goveriiiiitsiit 

Ilf lirftiiiiia WAW m mmv^ mul tAlmml ikmhmih a liirga rcieoiii- 
liiif. Ilf* fiiily a saaontln wiitahi wltieh lia iiffcar- 

wiir«l« iii 4 ail ill ftjc|M*rtiiiatifatic>ii. Hays Tliaiimii Ycmng: ‘MIti 
iiwriil i*l'iitriirtt»r is mid | 4 > lisiva iMiini as €! 0 rrac;t m his ifiiitli©* 
iiialic?iil iiif ailigalitiiis.’* ^ 

I *tiiili»iiiti pitti*mi rasaartdias cm tlia tcirsiiaial alastiaify 
Ilf liiiirs iiiifi wir«*ic. This lad tit 1777 t«i fcha tcirsiim halaitae, 
#r *■* liiiiiiiiaa ilti Inrsiiiti,*^ Hcniia siiidlar davicja liacl heaii pre- 
fhiwsly siiggastaii ill Eiigliind by #hdtii MicdiidL* Tha tarsirm 
balttistrii liM iiidfl its filaar? iit taicts on oloatriidty for a oentury, 
IIioiimIi $mm lii# nmimmmti m no loiigor imed in tho laboratory* 
IJonliiiiiti i!X,js?riiiioiitiMt with groat ittgoiiiiily and acanimay, 
anti priifffd with it tliitl 'Mciwdoti’s law of invami i(pmrfis lioldi 
aliii ill ffiisftrit* luiil in iiiiigiiotio -attnn'tiiiii and ropnlsion/ H§ 
prrnroil iJiat llin %'iirioi as thii {irodnot of the c|uantitiai 

of ol^flrioity ; lio ilitiirfsl also that olootrio tdifirgos exist on 
IliO of ooiidiiolfiri and eoitiparod the snrfacjo tdiargiii 

Oil tariiiiii j«rls of a oondiiolor. Coulomb wim an advoeata of 
lilt two*iiiid lliwiry ami lialievad that attraction and repnliiott 
tale by an itt distaiii/^ without an intarvaidiig 
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tioilof tha Ijayilai! jar, itiait U* nvi'r ilia 

ill the jiliyiiiiilogiaal itn *iiiirli*iri4«* 

given l>y thima aiiiiinilH. John Wainh nnwli* tin* lir%i I 

iiivantigatioii of iluH Hubjari at lCo«4i«4!** ami |irovt'i| iliat 

th« HhiKikB iiiipariail hy tin* Mwn lira aliiiirival. t 'aifiir«rtsfig 

tliii biw’^k anil niniar hiilf* «*f tin* itnh iritli m rtiinliirloip a ilm* 

ciharga t/M»k plm*a4 

Ajitoiig tliOfia in aiiiiiial i4i*r'iriiily »iin .dimMim 

Oaiinni {t7*t7-'47W'h a pliyBiriaii aii4 j ir# if tif iiiiiiliiiiiy iii 
Bologna. By ai'«*iilf‘iit la* wiib lad t« fin." graal of 

aurrant alaatrii*ity or galvaiiiBiii,** Tlia story gntm lliiti lili 
wife wiw ill jwwr liaalili amt vrim nrilarail In ifiil frogw^ iagt, 
ilalviini pri*|tarail iliaiit Wliaii lit* IiiIpii nff lliidr 

akiim, Im laid i!n*in on a lalda imar ilia aoinliirlur of a rliargail 
alcM'triit liiiad'tiiia and Ifdt tlia roniii. llt« wife r|«iriri*ii In liolii 
Ilia fwiilpifl near lln? l|■larlli«l• mdiila iii ilia witiia lima ilia 
saalprB |Miinl toiiidiail tti«» ex|iii.iif^d rriiriil mn-'vi* nf ii 
lag. A Bjifirk jimnwal iiinl ilia lag riiiitiiliad tiolaiitly, Bli# 
twajiiiiiiiliat lier limibinil of ijim, iiiai In* raiumlad Ilia axjjitri* 
inanl. T!d« laanirrad tin Jiovatiiliifr 1% Ifii'i flalvaiit*fi ciwii 
ii iinirti jirmniia.* !Ii.ii itifa |ilii|ii ini riih in Itiii ilii* 
covary I oniy oiia frog m an imiiiiittiiil. firil twtlii^i 

tlie twitoliittg. 


sary to touch a norv » aitd to hmm m i|mrk* 
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hut, wiuiil Im nmn ai iimm 
iliiiiiiH a firar nky. At. fimt h«i iit.trihuhiii tli« tAfiteliiiig fcu 
i?li 4 itgi **4 ill iitiii*JH|i|n»rii! i*li»i*rrituiy. llu iiliimiloiitsct tliiii vitiw 
iifirr f*iirri»*»i|r 4 in jirmliifiiig iliu giyitii offeti tit<lcK)r« liy 
jihitiiig t!s« friig.^’ h%n mt n iiiftiilliu plate litid albwtitg fche wiru 
|iii*rr*iiig till* wiral iif*rvt! in ioiiuli thu pliite. Thi cimwii mmt 
111* ill iliP li*g, itii* |ihit€*, tir ihu wtm, (lalviini iilacuttl th© lug 
fin nhmn iitiil Itiiirliini ili© ©rtiml tmm*. mul a uiiwcde nf Ihii 
Imilli at till! natiii* iviih thu i*rttk uf ii lauii rcnL If tliii 
ri.»ii wiw Ilf till idfi’i’i wim if it wiia cif ©upfifir and 

iriiiii «r ©iipia^r aiiil «iHa»r, thrfii prcilniigiid ©onvulaionB folldwai. 
Til© furl tlial II r«t uf iruii alciiii! prcMlurad iiwtirui, tlioiigli it 
ww iifit ill rfiiiiiiiiifiiii and prniumnrrfl iw. whan it ©©nakted cif 
Iwii iiifilJili* Inl flalvaiii fii ili© ©urirliiniuti that th© nxl narvad 
itirrriy m a Further imtn aaaiuad to him tn loeate’ 

111 © miiirw «if rlrrtrtaiiy in Ilia nrrm 


litiaii itirii #¥arjwhiiri*, Miirn profcnmd than hia own 

ww lh« nmminiiig ini tlii» mibjrrt by lik ©nwitryman, Akmmn^ 
iim 'Wm (l?4S-l327)t wliu nf*ritpird ih« ©hair of phyairi for 
fim pmm iit lliti gyitina«iiiiii of bb riaiiva town, (Jotiici, and 


oltrtfteily' anti In 17 W hul iiivritted tlio okaitrophoriii. Ho 
ftwttil llial 111# tliw^lmrgo through a riarv© ©onki pro- 

ilu« otbof rtete lbii#i tiioHoti. If a lionfc real of two mtfcak 
il# #fi! wliHo tho otlior imd wiia held in hii 

tfiiiiilii a mmmMm of liflit ffillowml at th© moment of , making 

t 
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motion, Imt to ufTw-t tin* iiorvi-st of viomi .tmi Voifji 

conjcoturfil that tin- CHWiiiial lliiitK m all th.'o. r%jrt-r(Hn*M»H 

witH thjM'oiitact of iiifta!;*. Aftor I7*.»} !«■ ■<!■) ainmt 

to iirovf! thin hyiK*thisHiH. If (Jalvaui wjw rtKhl id Iho 

seat of electricity in the frojj‘« Ic}; ami tn altnlnUuiK* *•< the 
metal iihI merely the fiim tioii of »iiN<'har>;er, a.’i »ii the layilen 
jar, then one niehil Hhouhl jiroihn e twitrlnng m * ;Mily aj, tti-,*. 
If the emlH of a wire of one metal are at litfferent temp.ta, 
tures, then viKoroim eoiivnlsionH follow ; they fhsapjw'ar siliniwt 
entirely on et[iial)zation of temjwratnn*', Heine Volta eim. 
eludeil that slight effeets <lne to a wire of a single Hiet*l 
are tine to slight tliffeoniet* in its eoinlition. ‘Hus new eler- 
tricity, (Icehireil Voltm might as well In* lalleil '• metalUe '* »« 
“animal.” 'Hie strongest jinsif of his loiitaef flnwy wan 
given by means of his eoinleiisitig eleetriweiijs*. This wan a. 
gohl-Ieaf el(*etroseo|st etiiiihiiieil with a small r«»ml**iis«r, A 
feeble source, like that in ti roinpiiiini Iwtr of iwu ilisstintlar 
metals, conlil HUjUily eonsiflerahh* elertricity l*» the eofnienser 
without materially raising its fsilential, If«t when the ii|)jii*r 
plate of the eomleimer was reiiiovinl, lln* {sitetitial mse ami 
the leaves divergeii This e«js«rimejit seeineii hi prove that 
el«!trielty was generaleil at the eontmT of th« two iliflerent 
metals, one metal betiomiitg jswitively ehargml, tlm tilher 
negatively. 

On March 2fl, fWIO, Volta wrote a letter t« .Itsmph llsnk*. 
then president of tho Ihiyal Hwiwty rtf ymtlm , »« winch he 
* destjrilips t!i» voltaic pile, eallwl by him "orpimi 
artifieial” in distitietifiti to the **oiip«e natarel" 

of thfi torjKsIo.’ Two dimimilar plates, say *lii« aoil atippsp, 
were planed in ermtaoh Over Miia went a pl#!<» of flamiej «r 
blotting i>a|)or moistenud witti water or bnne, Then followeii 


1 na. fWw*.. !M«», p. M. 


Kt*»rriCff*ITV AKU MA-CIHr/riHM liifl" 

jiJiir «»f ^itir iiiiil ciipjwT iitiil »fi iiii, muih |iidr of 

tniiig ?»rjmnit**f:l bj li iiHiiiit r.mtdiifktr* Hiioft a pilo, 
#4 ti or liiiw iiiiim of jiliikMp miiliijdbd tlm 

i4f**rt nf i-iiiir. Iii ilt« KiiiiHi Ii4t4^r Volta €!XfiIi4i«.« tlm 

*'*i»iiiir«tiiif* fli^ immm'" m miwii of It of inifw 

rotiiaiisitig lirifii* or ililiifi* iMd<b dito witicit <li|ijif»i.l ulripii liiiif 
/iiif iiiifl liiiif rii|ij^*r. Tlio riim iftiil of oim Mtrip ili{i|M«I into ono 
111 #! oiifl iiilii iiiiolli«*r, Hiin h ilm fimt voltnio eiilL 

Hin iiltor Volin Isiul wriikm iliat iimiiiiirablo lirfckfr, 

lint iiml fiilf? wm in Kiighind tiy Willkmi MMuimm 

ami Hit fiiiil mi May 2, tlm of 

wiilor tiy il wn^ utiiorvffiL Tim (isjmriiiitmt wm tiiii foaiicla- 
lioii Ilf i*lo«4rm'4*fii0iiiiitry. It wm tkaorilmd in Mirkulmmh 
Jmrmmt for July, IHiMI, ami apimarofl li<*itin! Voltida own 
.icriiiitii, lit ill# lailiiiii* pit# wm prttiiittl in tfiii l%i!mophkal 
Tmimiriimm} mmmtph%m iimt with iiiHnifdifit4i 

Anoiirly m 17!fl It# wiin #l#ntifd iimi«tK*r of Ihii Eayal 
St,iin#ty tif Ijritnlnii, In IHIIl Mii|ailiinii imllml Isiin to Farii to 


Iririani ifiln Iwn iinitslfi {mittiii. Thi moil iiroiiiiiiint of 
flaltmifi mp^mflmm wm Al#iciy»c!®r von lliiinlioldt in Qm- 
mwiy I lliif iiiiwl }iroiiiiiiiiil of Volto’i wiirii (kndoitil) inicl oilmr 
'fl'it ootitel lli«iry wita applied k* tlm 


rtiittoitlitin tlial litie to tlit pmmnt Chdy iit very recmtti 
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JoMeph Smmmr (UWA-47ti'^i v;%rfml tm ini|irirfatif 
in iU 5 cmstieH. Ilt^ wn-n \mm ;ii Af lli** 

sevcintcim he travelleil im ftxjt Ut Fitri^ U$ Inn fifrliiiif'. Iii 
1.686 helMKsame profeHWir tif nmthmm%iwn at flir riillrui* lliirnl. 
Ha w.aB a stiimiiierer lUHi li.a*i wiifli ;i rar f«ir tltnl 

ha aotihl eoiepare pit4»!ii*H only wtlh llir mm^Uum^ of iiiiipi- 
eiann.^ Vat hiH piijH*r« on natniHlia^, j*iit«li#!ia«l in lli*^ Mfiirnifi 
of the Aaiiilaiiiy, ITCMK1T68, a*'a vary iiiij^irliiiit. 
aiitly of Kolila initl Higott, ha iXmnmmnl iii 

He imacl |ia{M*r rhlew tii limila itwlaii anil Ha 

obmirved .iyiiipaHiatia- vihniliiiii« iiii«l gitvt* ii r'wrif^rt. 
tioii of lamte. Ha iititad two organ ptp*^ in lira ratio 24 
aiul olmarveil tour IrtnitH |«r i%ariiioL Fn.itii lliw iia rffiir!ii«li»i| 
that the {ii|a% of higher jiitali tninla fiat t'lliiiilioiw |»*r 
He dateriiniiait of vilirtitiriti an III «in#iilariilil«* 

VUtorio Fmmm *0 *SitMHeitri of iiiiiiltf fiii#?l$ itiPiwiira- 

meriti by tli« ii«i of t4Mitliail 

The early d©?ehi}iififfiit of Ilia airaii lonli {iliiaa in Kiiiliiid,. 
The eijrariiiitfila of Boliert llwili* ware itiiiliiiiiail ln^t^eafi 
1793 and 1801 by Joliw Iiiiliiii«oin |ip>fai4iir of itl Itio 

Univiirsity of I5iliiiliiirfh. A wlsitid wm to »l«le ii* 

rapid iiieeaiiifiti tliii itadli of a |iitiiiiio m* m In tnii » 

portion of air froiii Im^mm Iftew i nr m pip* tltrittiili wliiafi 
air wa» immtu waa allernatidy «|a?fie#l fiiiil itiiil l#y Ilia feto* 
lotion of a or ttlw,* 

* Iloii^ii«»«oaa* l%rt ILf p, W* 

fnrtliar E* Mmn m ^mmmf In 4 

maik* fk». sm In %*uL Vi, |^, 

»4.L 

• liwif Ilowifci Mk Mmmm^ Mm Mimf mr M^imkk*lm»f0§00’kkkk 

^ ibUkm, It* 1-li. C«wwli ^ li« 

tol« of Mittle” ill AW iiiliwi of tlw IWteiwte; 

TBmm .Immmm Mm* Mil^ Wl, fiii I, p 


THK NINKTKENTH (JENTURY 

l*i |:i|iyi«p*iil flu* iiiuptppiiili itifiiiury .him ovar^ 

!lir««ii ill#'* ibriirii’rt f»C tlw mm Imitclred 

yi-iif#, iiii*l liii« biiiJi aiHiw t>ii tli«! ohltir faiuiilaticms 

laid ihmuK till* ri»itttiry. TfiP thiiory of 

iiillil 'ivay t«i tin* witva tln*itry ; tlio Rulwtarmci imllid 

**ml«irir a#t«.|iMiiiii lha fart waw oHiabliHlititl that hmt 

III il«f* lii iiii'ilrtaiiiir iiiolHiii. Hip iifijRiiidoniblpfi^ aiUtiirtiMl to 
ruifil. tiy III** of llip oiip-Hitid and tlia twofhiid 

«f wlwiritnty.^ won? ilim?iird«?it in favour of the view 
lliiii tli*^ •|ili«iioiiiPti?i of and iiiiiguetinia aro to ba 

rijilaifipcl* ill wiiiip way, tiy tlio PxinimwM of jiukafciouH and 
itraiif.# Ill till* iwitiiiitfrroiiii idlior. Hut oflliivia of a maguet, 
riHiil#li:? of |iii#iiiiig lliroiig}i gliin« willioiii ronintoioa, ara of 
iiiii*rpisl iifiw fitily Iji lliii litMtfiriiiiu '".fliti eliamiial niibiitaiio# 
|flilrigi:iiii.iii m iir# iiiofif, c.)f lltii half iloriiit iiiifiotKiiimbki 
wliifdi filktl tliirittf Ih# mghkmnth otrittiry, only on© 

mriiilly, liEi iiroftitl ii« right of 
fial liimitohei of light and ©leotro- 
malkally out. Notwltlistanding 
iriiwiiifi liitiiiiiiiitmioti of ol«irv#d w# ar© 

I'liig ifiir !itti«r|ifiitmliiit'i of tliotti by bringing inki ©on- 
mmi rf#fi»|iro}i«wiv« firtkr that wliioti formerly utisinad 
»|iririiittii aiifl iiolaliaL Tliti viiry fswd that iiifctitmte 


ir«, tiiiPif tlimiglil to I# diitinot, iotniis to iltow that 

«*# gfi? fiirifiiii ill Ih© right iltriMdioio. Einliaiil ©titr^ hM 
ifilii i iiibj^t of antral iiiijMirlaiioii, 

aiifl lid^ by lli© |irogftf«a of lls iltter 
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■ ill 

H’tilSI 


\ 


ehamistry, pliyBU’H hm m;uU* iiiarvrIliiiiH liiiriiii^ tW 

Iiaift (me Innidrciil ymru. At flit* 

eheiniift with hm lialaiii*t» had fHtiihliiihrfi tlir law fd tin* i 
vation of Mmn. Thou o-aino tJo* j*I'iyf*ioi»t aipl. iiol forlli rii k»Iti 
relief the all-eia!>raeing fiririri|»l#*«f of Eiif*rfQ% 

No e|MK'h liaH aiicli a vml iiriiiy cif uririilifir w«rli»r«, 
or behold the iwiiuigitioii of mirli ■r*jM*riiiiwiial 

knowledgi! oo all jihyi^ieiil Theory iiiifl prmtkm 

have gcaii*. hand in haiitb anti t*li^*lririly liiivo k*«i 

made to luiiiinh^r in ih«* iioiak iiipI oniiihirt iif iiiiMiltiol. 

Neverthf‘lf*»H it takea no fine iiiniini*ii to pm%nn* |}ii4l inn^eti 
reiaanm b) lai done. It ia left for ilie i.Wfnillrlli i»r »oiiii* later 
century to ravf*iil fully the !nyiilorit*ii iif llio iilriw*liire of iiiak 
tar and the other. Are not li«t}i of tlioiii dyfiaiitieal ^nyileiiii, 
subject it) the laws of iiodion, of moiiiciitiiiii^ anil otiPfgy? 
Present indications siiggi'mi this view, 

To this iicieiitific mlvance till Icailiiig tiilioiii 

have coiitributf^d. In Clidal IlritAlti Itie i»w |i#riiiil ©f pro- 
ductiventis wan iisli^red in wlieii tliii iltittng ittltnilo tif Eiig» 
lishmen toward Hewtoii wm eiiiI tJt« tfiilli wm 

preeivtid that no Itisinan nsiiidt fniwcfor giwili ran im iiifaiii* 
Mi on all pinli. Aniong Um wlior mdriitiil# of lliii liiiif 
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a in. "ftipw anmn in Barliii an nmpirinal »«lK>nl 

of iriritt4,^iB* riiiii|triHiiig Pogginidnrff, Dovo, !L ih Mag- 

Rtii. Tlipy \rstlt fontninjit n|K)n intitaphyakml obrnni- 

Magiiti«» llin loadisr of thin clkl iniicli towarcl j 

tlift tifiilrilsfiii <if liiii siifKiorit jiliyBinal lakiriitory. 

t«i fiii}% Magnim wnultl havn nothing to do with ^ 

lliis ami ill-foiindod ooinaiptiori of I 

lh« um of iiiiitlioiiiiitioi in jihyHioal rrmi*ari*li wiih not aharocl I || 

hf hs» gtmi j>tijii!ii ICronig, rimniiiiH, and IIi!hnholte* .Nor i 

flitl all iirriitiiii roiiii^iiijwirarioH of IVIagiutB aliiiti inatlie- ; <: 

iiiilitm! phymm., Tliia hraiirh wm riiltivaiod at (Jlittingon > 

liy Itftiwi# and Williidin Wilirri innl at Kfiniptorg by I 

Erairi: Noiirriaiifi. T!io fir^t inovommit toward unity I ; 

of .iirtioii aiiifiiig iiliyaiiml 03C|aTimoiifali«tH and inathamati- I 

cititi tiKilc jiliiro ill lliii firgaiitmiion at Ikirlin in 1844 of I f 

thi* Iliyiiral Ho«dtt.y, wliioli grow out of a pliy^icfal ^^co'llo- I * 

#|iiiiitii *^ tiidfl by Magnna.* 1 

Fratir#, at tti# ti^giiitiiiigof thn rtlnotoftiith nnitnry, |KiioiaH8od 
mil ar«y t»f tniiiiof iifi»iirpnii»od brillkncsy, Wa tmnl 

mmmUmt only liii|'ilaitO| Fraaiml, Amgo, Biot, Carnot, 

Fiiiiri^T Nol till ll» ftiiddlo of tlib oftiiliiry did aomo of tho 
olliar rniiiitriig tt|iiftl litr in wdoiitifio prcxlt-icdivoiifim 

I« Itii IJtiit.al coiniaimtiv^Iy littlo wai aohiovod 

biifor# Ifc# Iwl «|iiiif-ttr of Iho eiiitiiry, and that llttlo fallod, 

to imtoti th« «|0 of llto ioioiitilio public abroaci | 

m g#titral l%pip|#r iratiil liy E. Atm.mmm^ j 

till, p.f f , , t Imitrliwl otit, wllh iittiiitml 

aifl ^altinl ti# natefiil plillimijlitw and rupftfially i^tiitii Sir 

lit# ii« and frtat^ of plifitetf liifiitJ- 

Tb« ih# icltntlfte f»#it of i Itin j 

Wfffi ilial li# rnmm craiy.” Coiiatilt atio I 

FiKwiWf ** fmm Hi# lo ili# Seltntlin 

Ap,*'* pp. 

t #* Wmmm.mw li ¥ol IW, Vorw^oflt^* . 5 
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LKurr 

Wo aro inilobt(>(t to Th»t‘w* I **«'♦(, s i nf 

Milvorton, .SoHHTKotshiro. fur t!i«! ji’viv.i! »•! f!;t 
theory of light afh^r a ^•l■ntnry <4 i, Tlf !■> ,,•< . ,* ■? i o 

hail an extraordinary ehiiillowHl. ii” i !< .t S o'ju » ‘!i 
H ideraWe ilueuey at the age t if two. Win n m..; ■ n'.J li* 
hsul roiul the Mihle twn-e through ; when •*)% ls< jt* .»• 

the whole of < tohlHtiiilh'i* Ihwerleil Vjll.ig-- II «!« w. n. i! 
bo(tkH, whether fluHsical, literary, or M’»ent!li<-, w r q- 'i -e ■< . 
Bion; and, Htninge to nay, he grew Mji wi»h nninij. oi» <! j.hi o. .,| 
and intollectua! jiowerB, At almut sixteen J*. lo f oi.id lo.in 
the UBH of sugar «ii iu-eoiint of his nei f* » t le Ja . »• t x ,t4' , 

At nineteen ho I'litered iijnm a methea! rdn- I'nni, »h»ii w.ii>( 
purBUfid first in lanulon, then in IhUnhntgh. and 

finally at Canthridgo. In IHtMt h»» ls*g.ui »»«'de r! jir.>»!< e »n 
London. The year following he iieerptod ihetiftj- <- of Ihoj. 
of Natnml I'hiloMiphy in the Itoyal the i«e!io- 

politan He}nK>I of wnnnow estalilished m the >»'»j },r»»e,hng 
by Count Itninford. If« hold this jwsition two yi-ar *. l'r«m 
tJanuary to May, 1802, he delivered there ,i ««■»»«". of h* issr«*t» 
Those and a lat»*r serins were i»iihlislwi tn lH*t? wrehn »}»«- nile, 
Jjtdnm tm Nufurtd mul iht> A/i'»/ei*,oid a 

trwtiw still worthy of jrerusal. lii IWlf li« ww apjwitntwl 
F<treigti Heewtitty of tho Hoyal tltieioty. This ofiiw hit held 
for th« reinaiader of hw life 

Young's earilfist wsmtohe# were on the anstondi al and opli- 
cal propertiim of the eye. Then followml tii# first #|wch of 
optical discovery, 18fil»lH04, Hi* lhr>»»ry ww h»ogh»*«S at, and 
he pn«?««dwi to other stodies. The twelve sueeii»*(jmg year* 
were given to inislical practifiO and to the study of philotogy, 
especially the dediptimeMMit of bierugiyphte writing, itul 
when Fresnel, in Fmnee^ began to eaimrimctit on tight and in 



IJiHfT 


Ml 


lirifiic iiii« fit** f.lii*ory <if tliP, latkir 

fi.^fsiirnrii liiH I’jirij iiinj upon hin nponli 

tif iiiin 

In I Mill Vriiirig r«‘;iil ilio Iloyal Hinmiy a jiiiftor on. thfi 

rolmif fif lliiii in ivldoli li«* liiiitMoIf i^fcroiigty in 

fi4v«iir wf ill*? iiiplnlaliirj iliinirj of light Thu grimi wiop taken 
ill lliiM iiriieio im llii! iiiiriw.liirtiiin of ilia ptimupin f*f irdfufot^ 
mr#’. «* Wlieii two iiiitlulaiitniHi frotn ilifferiiiifc origins, eolii- 

riilr eillier |mrfeelly or very ii*%ai’iy in tlireetitiii, tliiiir joint 
effert i:i* II eoiiiliiiiafioti of the ntotions hiiloitgiiig to eiieh/^^ 
liiijierfeet lisiiiti of iliis |irinei|iie iH^enr in Eohert Hooked 
hiil ¥i.iisiig wiis niinware of thcfse until after he 
iirrtverl ill iIip ii*.itioii iiiileiMnidmitly, Young was tlie first to 
itiaki! a tlioftiiigli iipiilicmlioii of it to Htnnnl and light liy this 
priiieipie he i*«jihiiii«t the eoloitrs of thin plates and the dtf* 
eoltiiiri of ieralelieil or striated, snrfaiHisd^® Yoiing^i 
Wimi mail# with great lonw^tiiens, hut tlie mode of 
III ihm*\ ii« ill itioil of his ineinoirs, was eondensed 
mill ioiiiewliiit iibiuHtii!* .Ilia jm|iers, eoiiialning tlie great prin- 
eifil# of i filer fereiwwi, eoiiSlititkid hy far the inoit important 
fill |ilty«ii:ml ojities biiuffd sine# the time of Niswtorn 
%'iil llioj iiiinii* iii:i bmpfmmrn wjHiit the mnentifk pithlie. ^.riiay 
nltm’kisl idolmitly liy 'Lord Broiigham In ,Noi. IL and 
1,%-* of til# Kilinkmnjh /feeieie. Vomig^s ii.rtii?h'*ii were d«o.lariid 
t# iiiiiitiiiii mdiiiih deserves th« name eitliitr of 

or to Im **d«iititnf# of every s|a;ieiiii of 

tiiitrii” ** W# wish -to mm* our fimhln voiee/^ sayi Ilrotigliaiii, 

t Ifertf «/ lAe Jkii« Th^mm Vmnih edited liy CIkiwiii 

lifii, Vf#h h| p, 1§7. g## »lsf» p, tlih 

9 Tl*# eolffiiiw of ^ritriiwi iiii si4rfai»i^ were nlwerwil liwi liy 

gi#l#«rt fkfle* Irfiier, «if Ihies drawn on glass were imh 

ilii»4 Ilf Mft lliiloa, witfcli, wli#M tmtisferred t« in tlieeiw 

1*1 III# wiiiefc *i#» Imriwft liy Ids tiaiiie -- prislin?# a very hrilllafil 

fif fliomiii iJp of iPr. Fmmy* IWi p, 14ft 
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against innovations that ran liavo no otliifr rffr^rl Ilian I# 
cliecik the iirogrt^ss of mnmwv" Aflrr tlir law of 

interferanee m ^^almunr’ ninl illi>girml ” the retirm'iT mijn, 
*^Wa now disiriiss, for the presml, llie feeWe Inenliratioiw nf 
this author, in whieh wt* have? «eiir<.?lie4 willioiit mimmn fur 
soma trijws*s of h»ariiiiig, aeiiieiiess, aiitl iiigeiiiiit>% that ntiglit 
oom|mnsate Ins evidleiit delieirney sii llie |i«weri rif inlut tliiiil* 
ing, calm ami patient invesligaiioii, iiii*l sinwiisfiil ilevelme 
merit of the laws of nature, hy steaily ami iiMnleiil 
of her o{mratioiis/^ * Young issued iiii iiiili* refily, piililiilieii 
in the form of si paiisi»hlet, wliieh fiiilmt In turn |iiililie ojiiitton 
in favour of liis theory, Iw^mmh m lit* mill, •* one eiijiy iifily 
was iold/’^ Hays Tyndall/ “For Iweiity yearn lliii mail of 
genius wsm cpiiuiehiHl «-*• hidden from the a|ipwiiilivif iiitidli^t 
of his taHiniryiiiiin-— deemed in fiml m dreiinier, lliriiiigli Ilii 
vigorous saremim of a wri^tr who Iwel then jaw.ieisiiifi of flit 
public ear. . . . I'o tlie imletiratefl Freiit»|iiiti*ii, Freiiiel aiiil 
Ari^o, he was first tniiebteil for the resliliitiiiii iif liti 
AmjtMin Jmm Frmmi | wus Imrn al flri^lte iti 

NortiiiiiMly. lie gwlvaiimal very ilowly in liii glinliet, »l 



MfiHT HJ5 

hiu Oil thu rinnHtaU'tiKmt <)f TiWiis XVIff. 

Hw*!} II lll•w jMinitiim oM !I« iniUiml iijKni 

ri’M‘U»!hi«« ill I81i{. A of I)ee»«mfM?r, 

nil I 111' fiiUowinjr: '* I do not knoiv what is mnant 


tlip Araiioniy an i«n««rUiit nmmoir on diffriwdion (Ootolair, 
Othor mi’iiioira foUowod in rapid Binsacadioii,* Hy 
fda«*i«« a wim in a !a*am of liKht divorging from a point, the 
*liiita«wii of the reuMlting friitgiw from the axin of the lieam 
were amiratidy iHeaenred, He notii'od, an Young hiul done 
••ariirr, the dixapjwaram'e of thn iiaiids within tlin shiwlow, 
when the iighi whirh ftamid on one side of tlio wire was out 
off befom it reaehitd the sereoti. Frusiud was led to the dis- 


(trf the eansing diffraction. To remove those ohjeetions 
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Boma of FraHfiar« matlioiiiiif Kil afii4iiiii|itioii:4 iinf |4;iti-4. 

f^tory; banoo htphtn^ PmmttH, mul in ilfi* 

strictly iiiatliciiuitical Hclirwil at. firni ilbwlaiiirsi tun.ira^fr flc' 
theory. By op|iosit.ion Fr^siit*! wm f^|<iirir4 fo 
axfirtioii. Yinmyi had not vin'iii*‘4 hr** ly 

tonsive luunariral nilnilati*»iiH. FreMiirl a|i|i|i«»ii 
cal lUialyHiH to a innch i|T**ator rutmi, iiiii:| th** iiitiliiiatury 
theory to carry vamkium t« iiiaiiy iiiiioiM, Hr uma:? ;% 

c-oiriplcte aiiHWcr to iiio- nlil i.»I»jri1,iii!i iiniiin^l tln^ ^mr liiniry, 
that the cimhi not cxjilaiii tli«^ p.%i!4oiir'o id f»|iii4ow.ii iir 
the appn^imiiie rctdilincar «*f liiilil. 

IJiilike Voting, Frosrn*! mmh* nut* of Ifiiygoiw'i 

priiicijile of m'condary wavr«^ slalrd iiy Fmiiicl m follnwi: 
‘*The viliraticnw <if a hiiiiiintiw al imy nnc of iin 
may c-fwiiiiltifcil aa tlic sniii of tlip rlniiriilary mmtmumlM 
convey ml Blit at the smin** iiioniciil, from llio urimriitp arlioti 
of all the |)ortions of the wmm c«ii^«iilt^fi?i| in any 

one of ill iinterior tawitioiia,’* * 

It wan Amgo who first drew Fresiicrs alleiiiifni lii Voniig’s 
riseiirches, and w,Iio sent to tim Eiiglisli |*li|«icisii fliii iwt 
memoir of tlie Fnmcli siivaiit. || m a |ileii«iire tii tint# liiii 
ahsetice of hitter cimtesls of |iriiirify* Frciriid wriliti %%mm$ 
in Hill#: ** lliil if anything cinilil miriiioltf in# for m$g Itatiiif 
the adviintiigii of iirtiirityn it wish fur in# t«i Isfivii tniil a iawaiil 
who him eiirielmil plifiiea with m$ .freitl m tisiiiib*? of Ittiwr. 
taut (lim>ferie% tiitl hm m% the mmm iitiir wiiilriliiitcil grcuily 
to atrefigtlien itiy eoitiflenee in ilte t!i«iry tlial. I li»f« 
adopted.” * fotiiif writes to .Fremiel* f HI, lilf j «« I » 
ttirii a tlioiiiaitd thaiikii Moiiiienrp .ft.ir llie pfl of ytntf ^Imi* 
mbit latmoir, wMoit im^ly iatrite a very lilgh mil wimiipi 

* 0. F«4€#c?«, mmm trnmmt, lifS* lil, 

* r#w.f r#rfe^ YA .b, f. m 




145 


Ih* {a|'«*rii wirtf*li !iiiv« itofiirihutud moMt U> ilia progrtssi of 

i,**l m jiri*f*i***i| III flfiitlila rafrac^iidii and iha |Kdariz4iiicm 
Ilf fl*iiilil«* rafni«‘iifrtt had la^aii almarvatl in Iiadnitd 

liy ftarihiilinim, Piilari^,aiifni Inal baaii ntndiad 

by and Xinvton. IlnygitriH IumI Miaf^id tho triin law 

Ilf irilriMirdiiiary r«*fra<i.itiii in nniaial aryataln. The iimparty 
Ilf iir ‘»|Hdanmiimi ’’ wiiii knnwri in iham iii 

an iunliilittl find «i!iiii*r%a»d nidy in aniiiH'*cd,inii wiili floiilila 
ridriwdiwi, A eniitairy idapmal and than Mains nlmarved tliafc 
jifiliifimtinn tiiiiy ii4;riii«|iaiiy Ndli^aiion, "riins liglii may ha 
jMiliiriml lit citliar wiiyn Ilian by Ihn aatirm of aryaiallimMl 
knltai. 

Etimm fmiM Mi-dtm (1775-1812) wa» ham in Paris. II© wan 
m a mitiiary aiigiiifa*r andnarvatl in lha Franah army 
ill Ciffrinniiy litnl Kgyjit Laliw, daring Iuh Hapcnnriifnidaiia© of 
tlif^ Wf'irk tJtari in prngrima at Antwar|> ami at Btranshiirg, ha 
fntiinl fiiiia In uiidarlak«'^ Ilia invaMligalifiii of a priza rjtiesfcicm 
jirii|ii:mrd by Ilia Frattali Institiiti^ aalliiig for a inafchcnnatiaal 
tliaiiry of d«»ribla ridriwdioit. By imcnilcmt ha wm lad to tha 
ili«i*rifary iiliiifb*il to altova. Ha haikad, through a tdaeii of 
rryntal uf Ilia iiitiige of Ilia atin raflaatad from lha windowii of 
llio Lnxaiiilpiiirg Pitlia^ap to Ilia hoima in lha lino d^lnfar^ 
wliara lio livath wiw ittiiah gitrprimid, to find on© of th# 
iliiiilila liiingati f!i«i|i{mar for a aartmn postlioii of tha drystal® 
I fa triad t«#**jditiii lliii iitigwhir phaiiomation by »oma inodifi* 
ration of Ilia ligltl iiiiilargoim hi travargiitg tha atmowphara. 
Iltil whait iiiglii riiiiiii, his foiiml ilmt tlio light of a fcajairi fall- 
tiii ilia of water at an iingla of Sff, iiatiid iiiiib 

krly anil I in fa«b wm fiolaiisaai Moraovar, if tliii two rays 
from mlonpMF fall iitiiiiilaiieotiiily m tlm »iirfii4:!ii of water al 


m»m, m i., p* m 


^ rmm fs m ib, m$. 
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m 

m angit! of 3fi% and if fhr «fr«iiii:ity r:iv it.irfly rtdlrt 
then the extniciriiinary ray wm ii**t ,ii all, ami nrp 

v(*mL Thii8, in mm eviming, Mahia 4 a of 

modern phynien. 

At this time im explitniiiion of |*ol.iri/atniii had hri^u given 
by the wave theory, wliieh %*m in gmit Iw-ifig hviT' 

thrown hy tli«! new iniww of evtdonre foriiiHli*-4 by Malin. 
Thoiiian Voting vfroie in IMII to ,i |ifHiiiiiiiirrf| 

parti sari of the eminmon throryi; ** Vonr isi»t tlriiiiiio 

strata tlin of n tlmory <l}iat of reip « Ehirfi 

I liafl inlopi.eil, lint they ilo not pro¥e ^ 

saysd fJdii \vm without floiibi ahrh^ni time of the Iie.|orj 
of the ifieory.” Voniig did iiol miimil tlir *Iifie?i|fy , unf did 
be despair of reefiiieiliiig a wwiiiifig eoiifrailirfioii. >l|% yean 
pas««*fl, then light liegiin todawm «tii #l:tiitiafy !2. I Hi 7, I'teiiig 
wrote to Arfigo, It is a prin«d|i!e tn ths^ tlirniy, flrat all niiitii* 
latioiiii are simply propitgatel llirotigh Iptinwgioiroiw ntwliitini 
ill eoiieeiitrie spliirieiil mtrtiwm like tli« $4 limiiiii* 

eoirnktiiig siifiply in the dirt^^i and retriiirmlr itiolwiiw nf t}i« 
partieli^s in the ilireetkm of Itm twliw» mitii tiinr munmmmti 
eoiidiiiimiiifiitii ititil immteiiiitia And yet if ifi jeiii4il»l#« tm 
eiplaiii ill thii tfiimry a mhmiimh 

in the iliritieiioii nf tilt radiw, aiiil with e*jit;d tfi# 

motioim of tlin parttelia fating in » rertaiii tim^rUm 

with respei to Itial r^tiiii | and Hiig in it * Ttiii 

WII8 a happy iiigpilioa wfamlt iii»i#* ti ifi mm kiw « 

rajeimhl eiliiMt mt the «r*iip 

itent direettiiii'^ ipktn nf by fwiiif* Hit* imrlirnkr €tir#eli«« 
tmmmrm^i^j lie f«f wii iipwi. frwief mnw4 al iti» 
malt of tipl«ttllc», i.«d«ptiid#iiiff, hnl tu titifaliralto© 

* A«4it#i m p. m. 

^ irnirnm^ rn^mmt Ht# fork, IHli, f »i li* p. 

■ • Ymw0^$ 
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p«art»tl afti^r Hoinii uim of tli^ flitlknilty etu,!ciuiit«r«c,l 

ill |}ii» ilfilifJii of tmiwvornii vibriitioiw in (iliyiiiitfii 

from iiarnilifiit to Wli<nvi41, wiwti tie [Arago] 

ftfitl Fremiel liail thifir joint nicpariiriiirital renults of 

tlie tifiii4iit#rferifiieif of o{i|MHiiioly {loliiriml penoilgj and when 
Fw’fiittd ciiit tJicii tranaviimn vilirationii wore iho only I 

iraiiiiliilicifi of tidif into iho iiiidiiliitory ihaory, ho I 

Iiiitiiidf prtiloiilffii iliiifc liti had not ccinrago to jiuldigh nueh a 
; iintl, iM^eorilingly, tlin aonoinl fiart of fcho MoiiHiir 
wm |«itiliiln?ti in Frtfgnerii nainif alone/’ ^ Froiiicil mlvancod i | 

tliii wliiilt iiilijttti of jMikirii^iiii light* Th« ricli oolcmrs prcalunwl ; j 

hf f»lari»ftl lighl piiiwsiig tliraiigh c^erfcaiii eryiitali worn ills- | 

, mmmi by Arago iii IBII. Partimiii of tlie two rival optical ; i 

^ lli«rit» htiiltiieil In liinl ©ajilanationa of this phenomenon of \ | 

dtpokriimlioii* i)m fclio niicliilatory theory oaplanationi ware ^ i 

fifen flml liy tliiitt tiiora fnlly by Arago and Frasnal ^ 5 1 

j Oti tlw airpnscitikf fchaory, Iho facts warn imeountad for by 'I I' 

I Blot in i wti^scitod rifutareh of great tnathematical elagana©* I 

\ Tliii was raoitiviifi favourably liy Laplai^a and other mathema- i; 

lieiiiii, who found the aiaiaiilatiotis of Biot more congenial to ( 

their lialiiiii of llionglit than tliosa of Fresnel Arago entered ; 

111© ImtB M§mml Biot, iinil the ilisoiisaion was carried on with v 

|. iiieli titlteriwfui that the two pliysteiste, once intinmtely a»io- 

eialifili Immm wholly iatranged/ A,bcnit IHlfl Biot diftcoverid 
llimt ftlateii of lotirtiialiiii! show double refrindion, bnt absorb 
III© oriliiiary ray. This kd him to tlie eoiistrnetion of the 
j wi*114iiowii loiirittitlifiii toiip for the atiidy of polarkatioii 

I ptitiifrtiieiia lie gavo aI.io the iiii|a»rtant laws ol rotary 

i fiolirimtioii ainl Ihiif spjilkaitoti to Ilia aiiiilysii of various . 

I Ij 

* Mmitm Vel IL, p* ICL I 

. * qfik* dumrimB demd^mf ©/ dfi$ Vol YI., I 

; p* li tf iff., Eiol.*’ 1 


I 
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The phenomena of polari/«*il liglii in rrviit.4ilH %ri’ri* 
amineci with great H»eei»gH by Sir ihirid lk»-w^rr rlTHI 
Althcnigh eclueate<! for fhi* riiiirfli. !ir nm-r m m 

active duties. In 1 71^1 h<» was liy liis f«4!«w 

Brougham, t« rcjamt ami study N%nvl4iii*,|<i es;|«*riiiit’iif h im 
diffrimtion. Krcuu that time on ilrem^i^|i»r wm I'iiiiageil alimwt 
continually in original research, lie l«.-rarue prufeMsor of 
physics at Hi. Andrews, and later, priiirijiitl of the riin-emly 
of Edinburgh. In iKIil lie estalilmlietl, in riiiiiii*»riiiiii witli 
Janiestm, the Eilinhurgh PhihtmqMml Jtmfmd,. If** ii'as tlin 
leading organizer of the British Asumdiiiioii for llie Atlvaiirio 
ment of Heiemte, which Indd its lirsi iiieeling iit York iii iHni. 
He hecsaine fiiniotts m tin* inveiiliir of tin* halimliiMrope, for 
which the detriiind in Iwith Etiglami iiiid Aiii«*rir;i greiiler* 
for a time, than could im met. flrewster, like Biol, iieter 
friendly to the luidnlatory I Injury, “The ilipeorerer of the 
kw of iMdiiriziiiiori of biiiscii! erystiiln, of iiiiiiemliigy, 

and of double refnii*iiori liy eompreiifiioii wm a friiiiie nf 
niiiid to aswu’t* iiveii alter tin? miitiirer reiimrelitfn nf Viniiig* 
.Friiiiiel, liiid Aragii liiwl given In tin* wiirld# tliiit “ lii# 

cliiif cibjiwAkiii to thii itmluklory Itieory of liglii mm lliitl In* 


the michil l«l, wtdcli iltitfriywi mtm for ill liie tn 
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m ;ih 1834 liai! tmaii Urn ciuraiioii of the 

«‘l■l'rt,r^r .|i|«irk lij ai<l of roiatiitg inirrorH, that; the 

Miiiiii* Jiiri}w«l liiiglit h«t iimnl to ascertiiiji t!iO velocity of light 
mill lo liiiil oiii wlioilior tlio wan greater io the more 

rofrartiipg The idea wim iakett up by Arago, hut as 

hiH eyeBiglti wa-n tlie imdertaking was left U> younger 
ineii. The iiioeliaiiieal iliffieidtieH wt»re groat; a mirror must 
ho iiia«le to rot;iie at- a H|»eecl of ovc*r ouo thousand rovolu- 
fiititH per Hoeoiid. Ily mmu% Amgo’s projoot was considered 
etiiiiierieal it was thoiiglit impimHilile for the eye to 

mur-o I ho itisfiiiilmit'oiis image of a flash ref!ecte.d from a mirror 
rolaiiiig mifii su«di luioriiiouH s|M»eiL Bertrand remarked that 
‘*ati iiliorifivo atitl aHHidiious observer may, actcording to com- 
Ilf M, Ikiiutieh lto|a? to cahdi th,e ray once in three 
yriirs.*'*^ TIp* o^jioriiiieiit wits undertaken liy Foucault. He 
ailojited tJie eoniliitiaiion of apparatus now de»cril:>ed in almost 
every geiieriil freatise on jihysies, by whicdi the difficulty 
iiieiillfiiiefl atun^i! was .i^iiioved,^' Tht^ iticcess of his oKperi- 
tiietifs WHS liniioiifieed to tlm Aemlemy of H(dencc«, May 6, 
18311, .lie fiiiiiiit the velocity of light in water to be less than 
ill air; from llial iiioitteiil Newton’s emission theory wm dead, 
Jmn i/mi FmminU (1819*t8f>B) was Iwrn in Paris. He 
stinlieil lull kitween the years 1843 and IMP entered 

iijutfii pliyMical rrseiirrliifi. At this time he worked in conjttnc- 
fioii itiiti Fi/eais. After their separation, each made deter- 
iiiiiiatkiiii of the velmdly of light .Foiieanlt’s research, on the 
velwdty in air relalive to that in water, ineniionecl above, was 
earrieil tin at lik fiaftllfin in the line fFAsiiii, and was suh- 
»itto! by Itiiii ill ISHI as a thciis for tlm diigrtMi of Doctor of 
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In IKHI Fimcault |»n-4risir«l a inniptir liw 

farnmia (lniiii.H'iBtrat:.ioii of tin* rofation of fJir* i*arfli l»y of 

the pcintlnhuiL^ The following jear In* iii%‘rriti-4 ihai niarveh 
louapieeeof ih«* gyroHropi*, In |H5| Xajtulroii HI, 

seenred a phw'n for him at iho Tiiria t ihp,i»r%%nt*<ry an jiliyniriiiL 
Mueh was ctimirilmted liy .Foin’iiull lowanl grrat^'f jirrfriinin 
of astroncmiieal 

Foucaidt’s early ei^worker, ymm Phmm. (11410- 


i Pin OiMiKan wji. p, ?I2, 

^ The ex|H‘rifiieni wm mmh In four *fli« flr*t mm wm '% m\lm 

twoinfstw*'H at hia |iatilloii In the 11 mr 4\%mm. A hmm Imll wrlufi** 
iiig five kllngmiiiineii mm niwinnnled hy ii mim, Tim t«ili wm tlfmwm 
ankle, held In ttmt hy a llirearl nni-il ii mm %i rt.iiii|ilp|# 

wit free by burning tin* ilirraiL 11in %m%Mum rifwrillBiltig Im m 

fimi vtrtlfiftl plane, nmlslng ihendiy itie laul of liie rarili'ii m1M.hm 
e 3 C.ptirlriiiintolly nvliient. To llie oyti i.ho fitane «f I'lriilaiioft In 

rcitebi mitil tlni imrth fo Im m n*ii. Tlie«rf lfp|kmi#»l ilml ili# *«il# #f 
thii apimitmt motion in a given lime mm i«i ilm •««!*» ilirriiifli 

which the earth rotaM In ihe .imiim iline, ifiiilii|illefl lif tli# *lii# of lit 
anghi of latllmlo of the place wherp the mm Am 

aceiimte vcrifteallon of ilda law minlitjfl $mm lafotiwble miiiiltlttm 
Arafo oferwl Foiicaiill the ai»t. of Hit oliiprviiory litttlriiiii* wli«^ a 
pindtthiin tliiv#ii bug miabltfl Mm lo tltinotwiimit lift law wlii^ 

ixactitndi. 'Hiroiigh iht tmmr of llt,» Hit w» 

chcwtn ter ilii ililnl ttiit, A toll of twrnif wm mm 

pended there by t nitirea lofii aiirl 1,1 iiiiillmtirpi ikkiU, 

Hie ww llimiip«l with tkliopi-. 'lilt tuhlliiiltiii 
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wan liorii iii Paris. Ikniig in jioHSctsKioti of a fortune 
wliicli left liiiii free io follow liifi own inclinations, ho cltwotecl 
III I'lliysirs. Thii means for his rosearohos were largely 
friiin hm own |irivato nmotirees. In IB41) he inacli;i 
thff tiirlioMl enii*rii«eii|:al cletorniinatioii of the al?aolutii velocity 
cif light liiiiiieps and Ilriuiley’s nitfasurmnents hml been based 
ijii mitriiiiomiciil observation, Fimiu r<datod a toothed wheel, 
wdiieli light at rf»gular intt^rvals. '‘Phe intermittent 

tinilioi were ri*tli.!cled from a distant fixed mirror. The 
resimreli wii« eiirried on in the. snlmrlm of I^aris, between 
ittreiiits mill Alonlriiariri*, a disianee of Him metres/ His 
firlielt ill the (Voh 2!), p, IH)) ap'fieared in 

lltfi year before l*Vm<»attlPs pajatr on the relative velocity 
Ilf light ill air mid water (Vol :M>, p. fir#l> In the year 1H62 
Fiitieanll aji|i!iifi:l hts iitetbod to the determination of the abso- 
Iiile velociily, iiitd ftniinl values surpassing in aeeiinmy all pro- 
viiiiw iiiewiiriniiiniis.-* 

Fiittii made iiilerestiiig experiments cm the relative motion 
of tlher atid iltowiiig that the ether within a trans- 

pamiil inetliiiiti is earritid forward by the moving miHliuin, but 
willi II vidmniy Iwa tliiii that of the intfilinnn Thesa results 
liave l#eii rotttiriiieil by Mietielmm and Morlay/ 

iiietlifnl Ilf fliiiliiig the velocity of light was adopkid 
with nmtw iiiiMlifiealiofis by Alfmi (hmu in Paris and by 
Jmmm Foiiiif iinl fimmjM in Knglaini. In CJorim^i 

mpmtmmU of IH74 Ilia fixiid mirror was at a diitiwoi of 
23 liloiiielriii/ Foutig and Forbeses memniremeiits, piildiihtd 

* Voh fil, l*il, p. I F. LikKoiiiiii, &mni 
ffmimmi* 

* l*ie iliiaEif , r#, clt» p* M 

» am00s timims, Vfih m, m% pp* W* 

« dm. dmr. 0% Vol. il, p. STT, tm. 



A HiHTrillV <»r 


U2 

ill tfi wliiiW tib'it flit* lihi** t;i3^ |M 

|«*r c*i*itt t'h«ii t!i«- rt’*L Hit’ " f /« .> 

liiin <liiiiliti*d. If friii% :tppi m ? ^ ;'>/ f 

bitlbw. iiitfl iiff.**r ^iii i’i’li|mss . i; I Ma 

slinliiil li;iVi^ ll .f#|sr*'lt ;i! #lKiAUi j! . | 

itiiiigti of tlift iilit, ii oolmimi nu;%p^ ^ o ? Im / #0 

width/ 

Tlici liimt dotoriiiiimtioiw of » a m 

iliff Uliiiitfl Ht:iiti\^. I Si iHftT Sim^m ' Khj 14 , f Ii» n 

of tiio ^Navitl l>li^«*rv»itiiry» rrr*tiiiio**iol«‘4 *1 »*f 

Foiimiilt’s oE|ti?rliiioiii llmiohwor f^it o' iMiallit 

itttglit h« filitiilitoiL A, |irolsiriiiimry ii;i» tii oh' o. |.y 

Aihr'ti *L iii iIp* \ «»l \.*v4l 

Aoiwloioy lit Aiiiinj'iolb/ A gift of m ^hh'^4 Uuh Io 

tiiiMo i»x|i«*riiiii*iitaiiosi. Aloiiwirwiirwt.M mioi* f^lon o* 1H?J 
At Howi*oiiili*« ri^rjmmt Mirliolwii, tis nMdi^ .1 
tioii lit tint IfiMitiito ill <1o%44asi4, ^ diio. 1 10,011 difti 

eiiltf ill Fiiiiimwlf# i^*|Mf^risiii*sil« Iift4 tioii llo' dt-fl*’? ijoii 

wm Urn ittiii.il Ui tus iiiifi^iirwl . Uih dotf.iin'o 

tetwifin tliii ilxwl wnl iliu roliiliiiii iiiirfof I itiofini 

(Ihciiigli, % iiiittg fiirii Mml tiiirr«ri, lliw %i;i% w* 

ftreaml to *ifl mnl tliit ili«|iljirrs#ioiii tif ilo" 

illitgll WW fllliy J ttlillitlirim fll Mirlirkoidi 
arriiiigwisoiii tlw mfciint iitiagit wii^ tlb|ihii'i*il iftroiigli l.'tl wiillt- 
fir iifitrif tititPi iliat i.itilaiiP‘»l hy 

Ifi Mtrrli, lUfll, <,k«ifrtai mMnl .mi a}*|#ri*|#riiilit»ii of f Aliil 
for oumriiii^iiti to lie mail# ititiltir Itw* liitrointii «f Hitiom 

t mm„ Wm%, im 

*.A* A-i, Aeir. /ftt tki dm, m$**l 

dlim»m^ ?t>i IL| l%fl i¥», p, IMh 

**AiWs»iW ftwtifltlltifi »f Ummtmmi Iwlil tii 
I*prf* A. A, MletoteiHt** toi dml »/ An# md 

Vol* If, |i, W# Mm mtmd ilnialfe llil# ««»#* 
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I’fijiilt. Th** iiiirrtfr wan rrifaint#ci ai Fort Moyor. Tim 

iiiirnu' tt'an at om* tint** at tlm Naval (Hmorvaiory 

111**1 rivH), and ai anut,hf*r ai WaHltiiigiciit 
Moiiiiiiif'iil iio'trft?!). Mioltolmai aHHiMknl in 

tlio fi|*f*riit4oii.H iiiiiil 1*0 roiaovod in (Hovolaad in tJio auinmn. <»f 
lHI4lt liogaii in tho Htiiiimor **f IHHO, tunl won^ 

riiiitiitii«*il itiilil llio aiituian «*f IKH2, tlio incwi favmtrai^lo dayn 
ill ^|»ririg, ainl aiiiuntn lnnng H*dr*oto*L Only during 

iJin tir*iir Ilf lor i4t*iirii4o or tlio Inmr hofori.! laiiiHofc worn tho 
aiiiirrMfiltoris* riiit»tiii*»ii3i mndt that a Hioady iinagii of tho ulit 
riittld filitaiiioil, Aliogoflior 5U4 m*in of iimasiiiiuiuniti worn 
liiaiio} !^rii l»y Kowroiiilip 140 |»y MhdiolHon, HH by lIoksomlKn* 
Tlio ill 'iiiloiiii«ir**H {M*r Hi*f‘oiid obiainott for iho 

viflindly of light in iiro a-M fitllowHi Fi'/oan, in IH41), 

81f#»WI; Ffiiiniiiilb ill O.ornn, in 1KT4, 2t>H/*00 ; 

Chirtiii, ill *11.111,100; Voimg lunl Forh*m, in IHHO-lHHl, 

llktiidnon, ill tH7% Miolndmui, in IBB8, 

}f«iwiaiiiil% ill wlinii twing only riiiulte 

mpinmd fri.tin m$mkmi terror, ami 2110,810 wlmn incducling 
til 

Tim isiir!li^«l olnwirfuiioit of tltirk liftm in Ihn noliir i|»©irntn 
WM tiinfio liy 'WiiiMim (17110-1828), ii liOtidoi 

jitiyukliiii,^ fit Itifi Im mm mmu tlm flvii mm% iiroiiii- 

• i.* fmr $k§ dm* Mphmt. mi Mmii. 

dim., ¥i4 llh, l%ri Hi* im 
^ Mii m^m i^lNir itialii list# lafeiui Immt 

ftertff «f IJ§M, CJli.. Ill* Pm s fitlltr nf mi 

%lil flip mmlrf In In M* T ** lltptfl oit 

III #/ MrUM dmmiMiiim, Wl, sto-rftifM In 

f'lil* 4f| ftp » I 'iiatf »t •* l#'pri «#! Ili#i will 

rp^^frt of Phf »|0^ te «/ Mflihk dmnrMtim, 1»I4* 

'• .llto -^mm 

Wifi i Mtitttil wf «llf * If# tow iiiMI tt» mmm imMt mmI 
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Eent omm wera mmhyml hy hum u* h* tli«» s«i!„iiral |.^ 
or dwidiiig linos n! th** inm* mmi*y rif fli|% 

His explaimtbn in <»f intrnmt, f<ir il 
sible thcMiry may Is* i|i*i4t.iiiit#^ ul nil iriiiti. Hays 
. The eolcmrs iiitci wlni'^h ii Imtiun yf mrltitf* 
rable by refriwdirntj ap|«*a,.r bi tii*’ t## 
usually are mn*u iti ilio tmtthm, tmt tmlrnnhlm hy 
(that I can find) m sriiiio liav** 

* • . fimr prituary d'mmnm of tlw |ifi^iwmtiti; 1 1 

seeu, with a degree of dmtminmM tlini* I 
lieen deserilaid iwr tilmrrvi?il 

The first great n*«rare}4 *m siilar dark lim*# ■ 

"Frautdiofer, who ha*l tm femmdrfige nf 


Bavaria* He wii» w#ii of a fw-sir gbwieri ttini 
bc^gau to assist his father in Im tfinlin Kktll»*fl in jg|| 
iug, he seeurmi ii |il.itt!i? tii ilie ojiiiml iiinlitnt#* f»f \ * f 
in the village of lleiieilikilii'^iiwrii. In tgii 4 hm tocjfe * 
tiia instituk!, whielit mmm afleri mm immmt %m 

* Map* M4«f tle^ iiijille»ii«:ileliiii aiitl pliysicitol 
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lirififr lit»r;iriic! a m<*iiihi^r <»f tli« Mtuiktli A^^adcimy of Bcieiice% 
am! rriiiHorviiiiir «if tin ijfiynimU 

III !iis Wfirk, Fmuiihofta* comlaiiod to a rare degree 

tJieiiri»tie iiiHighi \ritii |»nw‘.tieal nkiH. By hin inveritkai of 
iiew unit iiiijirriveil iiiiftliucb, iruudtiiiery^ and ineMuriog instru- 
iiierit.fi for griofliiig and jtoliHhing letmeH, by hi« having the 
iii|>i»riiil.eiiile!ie«% after IKII, alno of the work in glass-maltr 
iiigy intaliliiig liiiii Bj jjrcMlu<»e Hint and erown glaHH in larger 
free of veiiiH, Imt eH|H*tdally by hiH db<Jovory of a 
iiifdhoi.1 of eoiii|iiiiiiig iMrcoirately tlie fiirnm of leimes, lie has 
led |iriii:*tk;il ojilien inhi entirely in»,w paths, and has raised 
Ilia fieliroiitiilie lf..?leseo{M'! to, until then, nndreanuid*of perfee- 

III the iniibmvoitr t4i iliderniine indiites of ridei-wdion of glMS 
for ptrlkiiliir colours, Bi Im used in the design of more tnanirate 
aelimmiitie letiws, Fraunhofer maddentiilly discovered in the 
i|i«*itlriint of a the double line in the orange, now known 
mi lliii sotliiiiii liiiii. In oil and billow liglit and, in fact, in all 
ifiilighl, lie »%w Iftis sharply defined, liright, donfde line, 
** eimdly in the satiiii jdatto and <?oime<|uently vary nsafiil in 
Iba flf%trifisiialioii of iridieim. A ray from a narrow slit was 
allowffil Ilf fall a diitinit Hint-glass pristn, placed in the 
p«itiiiii rif Inasi ihtvialirin in front of the taleseoim of a thaodo- 
lie. Fraiiithofer firmieedeil to wsa simliglit. I wiihed to 
itiil till iayi, ** whttliar m similar bright line ecnild be 
111 Hie iiji«:tiritiit of iiinlight as in the s|'feetrnin of lamp- 
lighti anti I foiiml, with tiie toleseofie, instead of this, an 
s!«»t iioiinlkii fiiiintitr of itrong atirl feeble vertieal lines, 
wlikb, liowiver, were tlarker than Hit other parti of Ihi 

* III*, p* IP* 

* 1, kiMiifci* In p* tlL, to J§mpk wm 
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nmit onei warft miinltl^rwl liy hiiii !«’ ll4«^ iiatiiral 
or diviillng of iln* r'lilmtrs nf I In* ruiri.* 

Hii axplatiiiiiiiit in of f«»r li hnt a ihuhi |i|a4o 

siWs tiificiry nmy^m thmitlnU* of all Iriitli. : 

. The eoloiira into w|isi*li a of Iiglii ii* 

rablft by riifrii^dioii, iij^w^ar io nw t«* iioiihi.r im th*y 

usually are mmi in ilu* rsaiilMni% nor rf**birilile by nny 
(that I eim fniii) iii* rnmm immmn ba%"e i'oiir*nia**l ; Imi 

* . * four imiiiiiry ilivbiriiin of Ibi* may tii^ 

iiMia, with a chigria? of llial* f hm mil 

lieen iwr oli«orvial 

The flrat gtmi rmmwh mi milm ilii-rk liiir'i wm iiia«l« tiy 
Frauiiliiifwr, wlai lami tm nl WiitliiAlmii’i iltip«tery. 

Jumiih Pmtmfmfrt il7^1-AWM} wm \mfn iii Witimlrn^ m 
liafiiria. lie waa the aon of ii imw glarp*r, aii«i eiirly itt life 


m s fWt la. ilaiaifitf ikpmm, iwyliii, * I «%=■« 

ca^ltii tliii «lar ipfeimiii* wliWi I muk u* ftftow fm , ’ i 
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hofer became a member of the Munich Academy of Sciences, 
and conservator of its physical cabinet.^ 

In his optical work, Fraunhofer combined to a rare degree 
theoretic insight with practical skill. By his invention of 
new and improved methods, machinery, and measuring instru- 
ments for grinding and polishing lenses, by his having the 
superintendence, after 1811, also of the work in glass-melt- 
ing, enabling him to produce flint and crown glass in larger 
pieces, free of veins, but especially by his discovery of a 
method of computing accurately the forms of lenses, he has 
led practical optics into entirely new paths, and has raised 
the achromatic telescope to, until then, undreamed-of perfec- 
tion.''2 

In the endeavour to determine indices of refraction of glass 
for particular colours, to be used in the design of more accurate 
achromatic lenses, Fraunhofer accidentally discovered in the 
spectrum of a lamp the double line in the orange, now known 
as the sodium line. In oil and tallow light and, in fact, in all 
firelight, he saw this sharply defined, bright, double line, 
exactly in the same place and consequently very useful in 
the determination of indices. A ray from a narrow slit was 
allowed to fall upon a distant flint-glass prism, placed in the 
position of least deviation in front of the telescope of a theodo- 
lite. Fraunhofer proceeded to use sunlight. ^^I wished to 
find out,” he says, whether a similar bright line could be 
seen in the spectrum of sunlight as in the spectrum of lamp- 
light, and I found, with the telescope, instead of this, an 
almost countless number of strong and feeble vertical lines, 
which, however, were darker than the other parts of the 

1 BosBjmBKom, III, p. 189. 

2 LoMMEJn in preface, p. vii., to Joseph von FrmnhoferH €fe8am^ 

mdte Mimchen, 1888. 
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IIJi; A IIIHTHltV nr l*lfVl4ir?4 

appriinrig Ut l«» Mp k/‘^ 

On exiimiiiiiig niln^r Iik*^ a.lrM|{»fL t,nl 

pliur, \m fcitiinl t\m hright liu*^ agiiin. Tim mmi !i:ivi^ k'l-it 
of iimivms immmn* i.f w«ltiini :iw du iiiiptiiify* 

ilie ritiiint 4 »Ki «|uiiiiiiiy nf wlir.li will %m\uh%% m s|irrtriit». 
Frauiihoft^r alwi wtarliglii, an*! rt4-^»gii«r^«i m Vi^niii 

BWiMt of tlio Holar 

Ilo i!w lirni 4m^ l*i uralnn’fi, amt 

witli tlioiri lio tlir* ».»!' l**iigllii, 

Hin gmiingH won* of win* J>4 to ,ii iiiiit- lliifk, Tlio gniiiiig 
variod from In mni, ll»* iiiii*|o tni grill iiigi 
and foiiiid ilio wiwolmigilt fnr willi thf^ rifigi«i:l 

frcmi J'MK)riK8*i to J'iCMmiT, gnnirg a iiioiiii viilii** *if mmmm 
miii.t wliioii in riniiarkiibly if wo r«ii.iii*|or ilm f?rinl»« 

ittBi of lib .griitliign.'^ A j*iiji«*r nf r«iibiiiw. f*ii|i*^rifiit«iita 
with two gkii gralifip laiving iif .iMkll ami 411.01 tiiiii.i 

rasiaietifiily* 

'Fraiinlioforb jiitblimlirm of 1814 tlitl iiol mmnw jittiitipt 
rtiicipiifionj fior ilhl hi« }m|Wi 1831 «i4 183% 
worn fighting mm tho i»ini.i«iiif»ti ari«l watt* IliwrifMi «f light 
Tha iiitiifitioii of tflmiitinlii wm roimoiitrittwt iifirtii f lalt^itik 
atotnb theory and llio. rfiitinwoiny ntor lh« 

IftW' of tiiifinili- pro|M-»rtjiitia 1*he fitl! i♦«|llallallfllt nf lh<i 
new fant limiifflit fitrtli b# Fraiinbcifiir mm ttiteii fur 
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iif»arly frirlj Vfiirs. Hi*. htul failftd tu find thn key 

t«i tlie lti*’ri»Kly|ildrH «d tlie mdar liiien, the ** Fraiinhnfer 
iinr iiad le* eh'arly deiiniHl ruh^ wliicdt, the B|HH?tnd. lines 
I’en* climiined In |ilay in idieinieal analyniB. 

AfiiT Fniiiii!i«iftn\ flu* firnt nmearehen were ntade. in ICng» 
liiiitl J, f! IF. iirmi4i4 I’xaiained hrightrliin^ Hp(‘eira cd mw- 
fiiil nuhhtMWi^H, Biaiinl that the enhmm of thc^ bright lincm were 
li iipaiiii of ilf*ioi‘iing Biiiali f|naniiiieH of a HubHiaiifn*, and in 
IH'JT hiiiflieil iiii this Bidijeet in his wa>rk On LhjJit, (^larlm 
Il7i jiiiliiiBhefl, in 18*15, a pa|M*r on npoetni of f.he 

e!i.ff*lrir ar«’ |*iiB»ing between ntetala* IVilUtvm ! inn rtf Pirn 
TMm! ClHiMI-IHTT), a rieh eiiiiien, eKpri*8fied the belief that 
mnty hfiiiiiigeneiaifi ray, whatever its eolonr, alwnyn indioates 
llie preieiiee of a deliiiile eliiniuea! (‘oinponncL Vei, noni* of 
llimi iiivi*itlii|iilora arrived at elimr notions on tln-^ Mubjiud.. 
''rall:B:itj for iiwtitnee, fallM into an error wldidi inexperiernnal 
iinijetiii III iiiir liil«iriiioriim fref|nent!y eontinit; he lookn upon 
ceiiaiii liriglitdiiii* sjieelra aa ladng really ilarkditu* speetra. 

give ^pwitrii «o eovereil with dark linf*B aa hi 
reneiiilile ilie mint KjM^elrititi/’ * Kirehhciff points out that the 
Eiigliiili iii%'e«ligatfir» did not imtaldish the utriet depiunleiiaii 
Ilf the wfn^elral linen llie paritinilar ideiiieni in the flatiie;* 
lliiii TaJbii mmhm the ii line to faith «ul|:ih,wr and the niilti 
of ioiliiiiii. Mir iMelil BfrmMrrf in deserilied diirkdttiii 

»p*tirat foriiieil liy al>»or|ilbii of myn paniing tlirougli eoloiireil. 
glitMn anil liiroiigli eerlaiii gmm* Tliiiia niieetrii Minttiliifed the 
iiikr ^prtfiifin In lli» fiii!t that fiiiiilng nitrie mdd aliMorlm 
while ifiii li«|iiiii iloei not, Briiw»tisr aaw iiti argufiieni 
the wiitf! Ilirrwy of ligliti for m oiiglit in olFer Iobb 
iiiipdaiiee In iiioliriii iif tbil olhtr Ilian it« iltiwer liijiiifh 1'lie 

* fi.* p* If* 

» II “Iiir 4«r 

MAmniimgm, l#lpig, im, Ml#, | III,, p. SIS* 


im 



A illHTiinV rilV'NirH 


eoiiwndi'Jin-* of tli** lin^thi *4 w^mImiih 
/i liiii»8 4if tlio mm I*? 

KiiigH f’ollrK«% ait4 \*y FmimnU in Vmth. Hn. la!lf*|^ 
by iiitriHlufaiig Hiniubaii«*««4-4y ii*o» lli** 0^^ 

iwitl ilio <4«*rtrio light ih^jilaying i\w- 
iililiA |iroiiii«i4oM «4 ih*’ Fmtiiilpifi’r liiir-^ flir^iiglt 

pcirtoin niyn hy th*» i^nlar %%'m lli*»fi riiiilt*|. 

titiri, l>iii It** ili’fiiiii** w;i.« r**a*’li«»t| im tm i|||^,^ 

of thin Pic|ilaiiiitii»ii. 

A gvmt iiiil t« lilt* i^tiidy of tlii* 

art of pliiitogmjfhy }*y Mhmt^ph ^ | 

who jirrMlw*i*il jfliolitgnijilnr prnm'mtm niPial iii J 

ihitjHrTfp K. I rH*4 ■ IMfil I wm f*ir ficn-jf^o ^ 
iMiialJiitiiri ainl .i»iilwp«|fi'«ail.ly impnn^mi ||i« 
tilts latti^r, lyiiwfiiioiiig in I til?* tlip iii«w j.irfii’f*fii Illicit ^ 
**'tlagiii*rrt?»fy|w4' Tliiti tmumm jiowwi wi* at- «4i«^4* 

#/, IF. Iknimr in Now Vork, who wm llit^ flr^f. to i 

iiidividitali. In ilio lir^l ‘*t.li«* fai'n of iJii* nitiboJ^ 
wa^ ttiiitei with Krhiti* laiwdor,** »ii4 iiii a l»rti|lil «Iii.y m, 
wan takori in tiv»f nr lipfpii tiiitintoM. In llilti : 

ti^ra|ili«*i Hi# mmmi in Im |ilnilitgra|»li;ii«..l tb© IFj 
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York, where he remained until the end of his long life. Yor 
many years he dwelt in a quiet retreat at Hastings-on-the-Hud- 
son, near l^ew York, surrounded by everything which could 
minister to the tastes of a veteran in science.^ 

In 1847, Draper published an important memoir,^ in which 
he concluded from experiment that all solid substances 
and probably liquids become incandescent at the same tem- 
perature, viz., red hot at 525° C.; that below 525° C. invis- 
ible rays are emitted, and as the temperature rises above 
525°, rays of greater refrangibility are added successively and 
continuously ; that all spectra of incandescent solids are con- 
tinuous, that gases give continuous spectra too, but may have 
bright lines superposed. The last statement is incorrect. The 
error originated in his use of bright flames giving, in addition 
to the line spectrum of the salt placed in the flame, the con- 
tinuous spectrum of solid carbon ; a luminous gas ordinarily 
gives only bright lines. 

Thirteen years later Draper’s correct conclusions were 
deduced independently from theoretical . considerations by 
Kirchhoff, who started out from the relation between emitting 
and absorbing powers possessed by different bodies for radiant 
energy. This relation had been established in 1854 by 
l.ngstroin (and later by Balfour Stewart). 

An exhaustive account of spectrum analysis before Kirchhoff 
and Bunsen would call for further reference to researches made 
by AndreaSj AngstrdrfVf Balfour Stewart, Sir David Brewster, 
J. H. Gladstone, Julius PliicTcer (the inventor of ^^Plilcker 

1 Am. Jour, of Science (S), Vol. 28, 1882, p. 163 ; see also Nat. Acad, 
of Sciences, Biographical Memoirs, Vol. II., 1886, p. 351. 

* PhUos. Magoidne, 1847 ; J. W. Scientific Memoirs, 

Hew York, 1878, “Memoir I.”; see also X W. Beapek, “Early Con- 
tributions to Spectrum Photography and Photo-Chemistry,” Nature, Vol 
X., 1874. 


A UlHTtHlY <'F I'JIVSH /i 

extMtt coincidonco of the Itrif-ht liii.'M t.f willi !]»• dark 

/; liu«H of the sun was estahliHiHHi l»y ,Hh »i MtU^r ut 

Kings ('ollege, iitnl hy iu I'aris Ilo' SaH»*r ihtl this 

by intmlueing mmuUaiieoHKly mu> iii*> hjH-i trnM .tj... Nunlight 

ami the electric: light ilisphiyina >!».• w»l)nii» lii»c>*. The jsis- 
sible prwhiction of the Kraiiiihufer lim s ihreugh «f 

cortein rays by the sehir iiim<iN|*here wjw th«-ii iiieh-r ronstdefa. 

tion, but no ilelinite ct»iiebi»i>tii was rem hol as Ut the validity 
of this exphiiuitioii. 

A great aid to the study of sjs ctra was the diw overy of the 
art of plwb>graj!hy by ./«.«/(?» .Vf/#-.* »l7«ir» lK.'a>, 

who protliieed jdiotograjihie j»i«'tur<‘S «»n tiietal iu 
Jmqim MauiU /hi;/«cr#-c < i7S‘.» IXol > wjm for ««i«e year* 
Niejme's eoiuljiiUtr, ami s!dmes|ii» n(!y itiij»t«*ved the metbisl of 
the latter, antiouneing in 1H;«» the new j*r«».«'ss known iw the 
“d^uerreotyfs*.” This fiutions |»r«s-i<ss « as at ow e taken up by 
,/. IK Dnqifr in New Vork, wh<i was the first l«» apply it to 
individnals. In the lirst trials, “the face of tbe sitter , , . 
wa« dusted with while jsiwder," and on » bright day a |drture 
was taken in five nr seven ininiites. In liftd J>r»j»w pho- 
tograplnsl th« luooii; In IM'i he jdiotiigrajdied th« Krmnn- 
hofw lines, only a few inonlhs ttft*»r a similar mdiieveirient 
by KAnumd in Krania*. In iHIIi Joseph iSaalwn, a 
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Yorlj, where he remained until the end of his long life. Por 
many years he dwelt in a quiet retreat at Hastings-on-the-Hud- 
son, near ISTew York, surrounded by everything which could 
minister to the tastes of a veteran in science.^ 

In 1847, Draper published an important memoir,^ in which 
he concluded from experiment that all solid substances 
and probably liquids become incandescent at the same tem- 
perature, viz., red hot at 525° C. ; that below 525° C. invis- 
ible rays are emitted, and as the temperature rises above 
525°, rays of greater refrangibility are added successively and 
continuously ; that all spectra of incandescent solids are con- 
tinuous, that gases give continuous spectra too, but may have 
bright lines superposed. The last statement is incorrect. The 
error originated in his use of bright flames giving, in addition 
to the line spectrum of the salt placed in the flame, the con- 
tinuous spectrum of solid carbon; a luminous gas ordinarily 
gives only bright lines. 

Thirteen years later Draper^s correct conclusions were 
deduced independently from theoretical . considerations by 
Kirchhoff, who started out from the relation between emitting 
and absorbing powers possessed by different bodies for radiant 
energy. This relation had been established in 1864 by 
Xngstrom (and later by Balfour Stewart). 

An exhaustive account of spectrum analysis before Kirchhoff 
and Bunsen would call for further reference to researches made 
by Andreas, Angstr’dm, Balfour Stewart, Sir David Brewster, 
J. H, Gladstone, Julius Hiicker (the inventor of Plhcker 

1 Am. Jour, of Science (8), Vol. 28, 1882, p. 188 ; see also Uat. Acad, 
of Sdencee, Biographical Memoirs, Vol. II., 1886, p. 851. 

* Philos. Magazine^ May, 1847 ; J. W. Dbaper’s Bdentific Memoirs, 
Hew Tork, 1878, ** Memoir I.” ; see also J. W*. BEAPEtt, “ Early Con- 
tributions to Speotrum Photography and Photo-ChemJiitry,” Nature, Vol 
X, 1874. 
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tubes ’7, K aV. If. van dt r Wiiiifjru, Hdimmii Iknpurd^ anil 
many otlierg.* 

(ImtfW iim*/i/io|r (IH21*tKH7) wai4 Imrii at KtuiigMberg; lie 
became privatrdocmit in iti’rlin, iln*ii i^xl.ruunlinary prnfvmm 
at BrcKlau, ordinary at Ilri4»*l}«u‘i| in iK,>b iii«l 

professor in Berlin after inTf^ T\m rieli pm’iml of hii4 lifo uriin 
the twenty years he iaunhi at li*h*b^ll«n-g. whi'p* lie wnrkr*fl 
conjointly with the great eheniiHt| WiHidm llmism 

(horti iHlIj.® It wim during the years IHattdKO'J tliai fliesa 
grinii investigators together niinle the great «tiw'iiVi*rii« of sfsiiv 
truin lymlyHis. At that tiiw* the physirml Ijibiralory at Ifihiiid* 
lawg wj'is very uiipridenlioiiH, lieing hw’atist iii a liriitsi*, tlm 
liieHeiigelilltiile,-' then loft years ohb 11ie liieiroiriilile ri« 
ieartdies were earried on in a nmull ro«»iii. Illiiiiiiiiatjiig gas 
had heen ititriMhmed into the biiildiug in lit IHlif 

Butifitm and, Itoseiwi first di»sr*rihrsl IIp! ** hiirner/^* 

Olds new burner fitrnyiod. itinl Kirelihoff willt a 

nondititiiiimw gs^dlante of fairly higli in wliicdi 

aheinhml iwlmtenees eonhl ki viijsirii^itil iiriil ii ajieetriifii ttitilrl 
Im oltteiiieil, due inirely and siinply l<i the liiitiiiioini vin>titir* 
III tliii way noiiie of the errors of oarlior expririieiiliiri wii» 
svoMacl. 

III. CkMaw, llllifl,Klrelilioff and Htiiiwnt ptililistiwl llioir §m% 

* 1 i.* 


f4<aiT 


III! 


no %ri»ak«*riH mya cif Uhi riilaiir of 'wlit^ii ilii^j 

liaHH tliroiigli it, lliai dark liiiivn iii of ilif* iiri||}ii 

liiif‘14 an m in Indiiiiii tito a of 

Riit!irii»iit in whinii thn. Htwa aro othorwiMi* 

“iliiit thn dark Hum of fhn auiar wliirli an^ iiui 

l\y lint fi'rri’Hlrial at.fitfm|4M*r<% arti4<f frorii ilio [irnaiainn 
in III*’ i^lrnviii^ wilar atiii«wjth*«r*’ «»f ilnmn anlmiaiini«a wlar!i in 
a Haiiin |iriiiliiri? hrii^lii linn.H in thn mmm liirnlilioff 

nfiriidiifinii ifiai miiliiiiiu imiti riiai^in^Hinin, nniijwir, mu% lariitiiit 
ninktfl, in f.ln* Hidar iiiiiioK|dii*rn* 

Tin* two iinn-’Hligalnra m aniitnlifiniillj **at.iil4iHtn‘*l» 

tlif* la%¥ tliai tin* liri^lii linna in thii Hpi’i’irntn may tin tiikmi iih 
a niiri! i^igii nf tlm prrHmn*ii of tlm rnajnaiavii iimiiila. Thin 
fnim!liiiiiiiii wm rnipii’ml *Imtltty .Httnt by itin ilii^iaivnry in iti« 
miiif*riil Wi’itr‘r iii iJ’ilrklinfiit, tin* a|i<n*iri»in nf two nnw 

mi^tiiln. Fr«mi ilii! blim ami llm ml by whirh ilmy wnrn 

r#a*iigiitml.| limy m*m namctd iiinl “ fCnbitlitini.*’ 

Wliiltt itpimiriiiit aiiiilyiiia, m a litrrnnlriat iii*iinH’n|. wim. ilim 



im% pp HI -Mi. 
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gold in. tho sun was Isung invt‘*»l4ga!4H.i Kirolitioff% Irnnker 
rainarkail on this cmitty^ion : ^ VVlimt do I imrii for gcil<i in IM 
gun if I oaiuiot foteh ii down liorii?^ .Hliortly afterwiirili 
Kirchholf riicaivoil front Knglaiid a iiwolii.I for Itii iliieofisryi 
and its valito in gold. Whilo liaiiiliiig it «¥f^r liis Imiikiif, 
he ohsfu’ved, * LfM>k heri% I have at lant in fitehing 

gome golfl .from the 

It Itaa said that Kireldioffs gift, m an iii¥i?iiligat4ir %m 
not to l>iii to This is jdiiiiily iciiui in Iiis 

work on sjs.sdrnm analysis. Tim lliromia of lii.» ilip^nvery Iini,| 
been seir.t!d by great nten latfore Iiiiii. .% tiimriy liiid 
English, Fremdi, and .Ai.iieriimii seiefilisla allaifiwt 'In 
hoffs rentilts, tliiit |trijlfiiig«iil dinenaitona tmm arisen on mi»* 
tioiis of jmiority. **' All hail »ftiiilliifig, matlti giiiiita, 



uauT 


paricMii €orri!8pc>iitliiif to tlie dtgren of riifraiigiMlitj cif t!iii 
doiilila Iiii« I>. tlio |)ro»i*it{!i* of iodiiuti in a «c)tirc!i! tif 

light iiiiiHt ioiiti to origitmto ligitt of iltiifc CIn thii 

otlier Iiamh va|K>tir iif nwliiiiti in an atmci^|ihont round a mnmm 
iiiiist have a griuil toinli’iiey to retain itoolf, i.e. ii» almorli luid 
have iti teiiijasrature rained by Hglit from the Houreti <if llie 
preeise c|iimlity in In the atmonplmro rottnd the nun, 

thetoforii, thi^re niiiii la* preneiii vapour of mKlium, wliieh, ae- 
cowling to tlie iiwchiiiiic'iil explanation thiia fuigge^lml, liiniig 
|»rticu!arly opEi|ue for light uf that f|iiaUiy, pn^ventu «iteh of 
it ai ii siiiitttfii from the aim from |M*rtetriiting to iitiy eon* 
sicliimlile tliitance through the jiurrotiniiiiig atmiwpliere/*^ 
ytokei did not imcertain imja^rimeiitally whether or not tlie 
vaficiiir of iiKlitiiii liim the i|aieial ahnorhtng powder aiiiieipiitwl, 
but b« reiii«fiiil>ered a tent, nhowing thia |HiWf*r, miiule in Frjiiiee 
by Foiieaiili^ He did not altiidi Hultleieitt innHirtiinee to hiii 
miadiamcal tliwiry to Itave it ap|i#mr in print. HIr Williiiin 
Tlioitiiiifi, however, iihln Ifiin; have given it in iiiy l«*ettireii 



mtd help thiiiliiig tliil mm% of my frietiili iiate tmiiii iifiir 
i» my • 

Bium Ibii ereatiop of ttii mimm of ipoetniiii iitiiiljib liy 
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tion, and enlarging our knowledge of (‘idestial cdiemlsfcry. It 
soon became evident that great (niuiiou niugt Im exercised in 
deducing tliC} chemical coimtitutiou anti |ihysieal chanuderiHiii*.s 
of bodies from the s]M*ctra w!at*h thf‘y give. Confusion is 
introdticed by the oc.currtmce of multi |dc s|K*ctKL Ag early as 
1862, Julim PlU€ktn\ in B(»nn, pointed out that tlia same mil>- 
stance may give different Hpeedra at different teiiiperatures. 
He and W. Hittorf found for hydrogein nitrogen, ami 8ul|)hur 
fumes two kinds of spetd^ra, nanudy, a weak baml s|>tHdmin 
and a bright line, spectnuiL Adulph WHlUti*r of the Tetdiiiitnim 
in Aachtm, in 1808, diseuBsed the variation in the Hpectra of 
hydrogen, oxygon, nitrogen, when subjects! in llheker tnlmB 
to different degrees of presstiri^d For oxygen lie oimervad 
three spectra under different t»omUiions of pressure. As in a 
denser gas tlie ehictrit*, riisistanco to tlio dimdiarga through the 
tube was greater, tht3 teiiiiieraiure wiw prolmbly higher. 
Hence WtUlner thouglit that in Fltlcker tubes variations in 
pressure of the gas were mMumipaniecl by cdianges in the 
temperature, and that the spitetral cliatigitii resultei! from 
alterations in kith pnmsure and teinperiilttre. Angitrdin 
combated WhllneFs }w>iiition, argtihig that while a rise in 
temperature may bring mit new liiiei and an iriertas© in 
pressure may widen the lines, tievertlieless a spetftrmii iiovif 
changes into another of entirely new clmriieteristies,* floiiii 
of WttllnaFi .results ware attrihiittii by Angitrcliii to tit® 
presence of impurities in the gases. Ilowevtfr, iitoro tfEttsiided 
research revealed that speetml changes not only 

upon variation,s in temiiemtiifa and |m»siinf# but also 
molecular constitution, lli© effect of niolectilar ifcriicliire wiw 
mveitigated by AL Mitm^rlkhp /£ J?. and by 

^ Aamalea, ¥ol-. ISI, p. 

^■Mmk§rd^ «r k Ipila, 1 itw Mosiirniwi^ 

III., p. 701. 
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tim 

J. Momian Lnrhpr^ hm±ypf, in 1873 arut 1871, ail varii*r*4 tlift 

view tliat earli IkmIj han deliiiiie a i4|H*eiriiiit iih ii 

siinplcMaM*; tliat line tim thirt in the free afiHnii, iKirnt 

gpeetra tr) nr gnnt|m<»f inoIeinileH* L«M*kyer^H ilienry 

waH reganli.*«l favimruhly by AngHtroin, bttt wirn npjameil by 

Wtllliier, wIni in iHTir*^ iiiaiie eKperinieiitu cm nitrngfm^ wlinwiiiir 

that l>y gnulual eliangenf iemperattire tlie bami Mjierira 

griMlually iiitn the line Hpeelra. He argm'fl that Lm*ky*^r*i4 

theory of thfi diHHfK'iatioii of nntleetilen w»*i« not nri*ili’fi lo 

explain tlie farlH. Loekyer obHin'veil Ibai lint* (tcf 

ealeiiiin, for inslrinee; eliaiige m tin* leinperaiitri* rmm, lli^ 

then inlvaneeil ilie twilil theory fliai juni nn tlse t niiiiitirm nf .| 

Imiul upeetrii into liin^ Hj»f«eira may Ih*. explaiiOHl by the ilin- 

goeiiitioii of nioiemilea inif» abmiH, i4o the elmiige.H in the tiin* 

g}>eetra, «liie to rim* in t.enijif*ratiiri% may !«* i*xj»laineii by the 

breaking up c^f the aioma into gtil! inon* «»lemfmtiiry iiiilwtaiirt*ii, 

thiw indieiiting the eornjioitinl iiattiri^ of tlie. eheiiiieal eletnerilfi 

theninfdveg.''^ 

Ttia llerniaim, IL iiml in a mmm of 

reiearehei, I'legiiiiiirig in IKfMh have ahown thiii the ilintrilni* 
tioii of liiieii ill the nfna’lmof the elements in by no nteiiiii iti 
irntgiilar an it lit first aeetns* They fiinl iliiii in llie njn^elm of 
the eonniion eletiiriiln tliere lire line imrtes. At one tiiiio iliii 



A IIIHTOUV or FfIVBirH 


It 18 still dotilitfiil whHhrr irifreaaifil priMiirf atigmants tli» 
breadth of linos. iL !K IJtmnij tiiid J. iMmr hiiva O 0 in}iak»fl 
the theory that the ermfiniious S}»*etra lire jircKliietiii liy the 
broadening <d tin* lines of thi^ saiiie giw ai low pri*i»ire.^ An 
important observation was niai!«! in I Hill# by IF. J. ItnmphmtjB 
and J. F. Mnhhr in the dohiis liojikiiis Univeriity latiora. 
tory. <'*c*rtain diserepaneieg iiotieed by A. K, Jm*dl let! Ilitni 
to nridert^akci experiments whieli deiiioiiiitnila that llie liiiit 
in the are- sjieetTa of metals sldfl ap|ir«nii!ily tnwarcl the reii 
when the pressure of the aiimmjiliere mirrmiiiding the are it 
increi»eti. HitH may \m distiiignislifwl from the Ihnijilffr iiffiiefc 
by the fmd. that the disjdm^eitteiit in illfferttil for e^ery metal 
and for diffenait sj'#eeiral series of the mimii mtfcaL* Another 
interesting phenomenon, showing the iiifliitiiee of magnilirAlion 
on liglit, was olmerved in IHIHI by iK mw fmtmmt at 

the University of Antsienliiiti. In llillS Farwiiy liml iiatnttied 
the sodium lines when the iiinie wwi jilarted littwi^ri lh« imlti 
of a magnet, hut hinl failed tri nnlkii any Skcmani % 

meatii of rricwlerii fip|dianees, notieeil a tlmnge. light f»i« an 


Whin tiiam by Ilia iiiapiet a alight bre»iiiii»f of tto 
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analysis of heavenly bodies/ but it has received also an 
indirect application, which promises to become hardly less 
important. A telescope gives us no direct evidence of stellar 
motion in a direction toward us or from us, but now the 
spectroscope has placed in our hands the means of detecting 
such motion. The principle involved was first worked out for 
sound by Johann Christian Doppler (1803-1853), a native of 
Salzburg, Austria. In 1835, having been unable to secure a 
suitable situation, he was about to emigrate to America, when 
he was made professor of mathematics at the Bealschule in 
Prague.^ He called attention, in a paper of 1842, to the fact 
that the colour of a luminous body, just like the pitch of a 
sounding body, must be changed by motion of the body to or 
from the observer. In the year 1845, Christoph Heinrich 
Dietrich Buys-Ballot (born 1817), director of the royal meteoro- 
logical institute at Utrecht, experimented on railroad trains, 
and verified the theory as applied to sound. A person on a 
train rushing through a station finds the pitch of a sounding 
bell at the station higher on approach and lower on recession 
than it actually is. Doppler argued that most probably all 
stars emitted white light, and that the colour of some of them 
was due to their motion toward us or away from us. As Buys- 
Ballot pointed out, this conclusion is erroneous. The approach 
of a star would simply produce a slight shift of the entire 
spectrum in the direction of the ultrarviolet region, some infra- 
red rays becoming visible and some violet rays becoming 
invisible. Ho change in colour could take place. But in 1848 

1 Tor the history of astrophysics consult A. M. Clbrkb, Mistory of 
Astronomy during the Nineteenth Century. Por “Literature of the 
Spectroscope/^ see Smithsonian Miscellaneous Collections^ Vol. 82, 1888. 

^ Before his death he was professor of experimental physics at the 
UulT^ty of Viaana. See F. Poskb, Zeitsch. /. d. Physik. u. Chem. 
BnterriiMf ToL 0, 1^, p. 248. 



Qm pyrt iii mmu m tigkl m'mg/mmmly tli*‘ 


Fizeau |>oiiit4»d out that thin KhiftiiiK" iiiui^l iifftiri%alilti 

through the eiaiiiiuaiiiui t>f ihi* Uiwa of the .H|iertriiiiL For 
instaiu^e, if the hydrogen Hum of an a|K|iri#i4e|iiitg st-ar are lauii- 
pared with tiioiie of a hyilrogeu tub* m the liihoralfiryg tJiti 
former are moved toward the violet, mdiile tlie latter am ikeiL 
The displaeemeiit in ho nlighi that many yearn elii|iHefl bdorti 
iiiitrpmmitH were devined hy wldeh ai^euraie tiumniiriuiieiilii 
eould Im taken. The itiitiaiive in IIiih delir‘at«? %vnrk wm taken 
in IBOH by the hhiglinh aHirorioinf’r, Wiilmm. H'agtjim (Imm 
1824), and, in 1H7I, //. V. tif Ihiliiliiin ileteefed the Hhifb 
ing effeetH due to the huiFh rofeiiiom In reeeiit ymirn l>fip|ilt*r% 
principle h.a« been applieil with great Hiiia'efwi In the iiiolliiiii of 
stars and to the discovery of doitlde Htars liy Vognl, Udmtmi CJ, 
Pkkmng of Harvard, Jamm ut tlii! I#ic*k illiitrft* 

tory^ and others. Bcniie iloidde stars disefiverei! % llik iiiiilliod 
are so cdose to eacdi idlier that iliey apiienr like ii single star 
mm whan aEanisnad hy oiir xmmi laiwitrfiil 
Them are two fiiethods of ohtmiriing sfm^'eira : one i» hy Iti© 
aid of a prism or a traiti of priitti% tlie oltiitr by Ilia iwe iif t 


Bnnsan; the latter was tiiiitl to itiiini eilisit by Fjratiiilifitef 
and by J. W. Brapr. The tliiairy of Ilia f mlinf (** slriateil 
snrfawi^^) limi imtlinwl by Tlifiintii ¥iiiittg. Afhir 


in Pomeiwlt* H# niid# gliPi itiiiipittioteiii whiiit mtm umi 


niihed gmttiip to IS. 
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trifle too aliort.^ AogHtruin became aware. <if thi.s an c^arly m 
IHTli, l)iit lie * 1 , lid live to make the needful alieratioos. Tlie 

correcfciiiiiH were made lij \m popil, IL Thaleny in a piiblieiitioii 
of 18 Hm 

Koliert^ method of ruling difTnudJon gratiiign wan jealoiwly 
guarded l>y him m a trade .secret Hinee Ids time the liest 
gratings have hemi inadt^ in the United States. About lHfi8 
Ij'wiH MimiB iiHiher/itrd (I8I0““1892), a graduate of Williams 
College^ and a lawyer, who .studied a.stronomy in hin own |)rivai«^ 
obiervatory near New \'ork, bis^ame interesteil in the prt^iara* 
tion cif gratings. Ilutherfurd, after numerous preliminary 
ejciasriinents, constructed a machim^ of hia own devic.e, and ran 
it by itieiwm of a Hiuall w%ater motor. A dianniml point trmaHi 
parallel lines upon a ghtSH plate puslted ri*gularly forwanl liy a 
system of levers mating on an acniie. glass wedge, this in its 
turn pushing the plate sideways.’’ tkc.ept for occiwi<mat 
slight cliiiiiges in the Intervals betwemi the lines the gratings 
were admirable. lAilkiwing the advic.e of (kjikm N, limul of 
Uoluinbia Coilige, he constrinded, in 1807, a inmdiine in whieh 
the plate wim nioveti by a screw in plime of levers. After 
siiveral years’ effort lie jtrodnead griitings far superior to 
Nobert’s. In lH7i, or earlier, fiuiherfurtl silvered Ifni griitiiigs 
witli the view to their mom convenient s|rtM?lroseopie use, but# 
later lie made gratiiigi ii{Kin st^niliitn inetiil in onler to avoid 
the great wear the ilisimotiii^ lit 1877 the ruling iimeliin#i 
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Burvay, again aitaakatl i\w prohlaiii of wava-langllii wlier© 
Angntrchn had left it tan yaurn pravinuHly.* 

Tlie bent gratings nf tlia |»rc*H«*nt tiiin* :ira tliose iif ,/toiri/ 
Rowland of the tiohim Hopkinn rnivarHity, Hig at-taiiticiii 
vvan first called to the construction of dividing i‘iigiiti*s liy ilia 
inspection of an cuigine made by WiHiaoi AwjuMittg Jimji*rs 
(18d2»»1898), at Waltham, Mass.^ ftogcrs’s aim wim to |irtMliit!e 
lines of extreme fineneHS ftn* ra'tii'iilcs in ojilic'al iiisiriimeiiis, 
and for delicate tests of mieroscmpi* ofyoclJves. lie wiw iilile 
to rule m many as 48(81 lines to the inilliifielre. lliiwlaticl 
devoted about oue year to the ct.insiriii*.tioii of a cliviiliiig 
engine, 'fhe. making of an maturate sertnv was Ihi! inoiit iliili- 
cate part of the task. The process conMi8li:*il in griiiiling 
the screw in a long nut in which it was eoiistaiitly reveriHiL 
Wlien it was finished, there was not an error of tiiilf m wiivii- 
lengfh, although it was nine iiiehes loiig.^ ftciwiiiiid iiiverited 
cxmcave gratings, and ruled tliem on his eiigiiie. Tlie colli- 
mator could thendiy Im dis|a*iised with. A sifeoiitl iititl a llitrd 
engine have Immiii prepared niidcr Eowland'ii tlirix^lion, anil tl 
presant Kowknd’s gratings have no rlvaL’^ He liiw inaili Ifirg© 
photographic maps of tlie solar ijM?etnini* and Itiis prepireil a 
iyiteiii of itandard wave-Ieiigtiii whicii ii turn itiilvemilly 
adopted. 'Under his dirisdtoii, the wavedeiigtli of mmy liiiit 
in the solar ipectrtim k 'Isiiiig itieiisitred, iiini lliii elietiiiiml 
element to w'litcli it telongs k kiliig deteriiriiieiL 
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extanding from ilia rad to iha violot, wiih firHt shown !ij S/ir 
Wiliiam lirrnrhd (1 7dH-IKL^2), wIkj in IHOd (ii.saovarad that 
then* are infra-red rays. Pljwdtig tins thermoinetiir in 

sueeeHsivi! eolonrs^ Ite cliHeovered the unec|ual distribniimi of 
heat in tlie solar HptHiiriimj the ht*attng Inniig greaieHi below 
the red. liehn'e him ii<i om? laid sunpeeted Bucdi an inequality. 
** It is soinifiiiaeH of great mne in natural phihwophy/^ nays tlu! 
veteran asironomer,* ‘‘to doubt of things that are ecuniinmly 
taken for granted ; im|H*eially as tlie means of resolving luty 
doiihb when oiic*e it is iuitertaiiu^d, are often within our reaeh,’* 
He speaks of solar heat as (weasituunl l>y ‘‘ rays/* suhps*.t t-o 
the laws of rtdlee.iion and refracdJon.’’ Thomas Voung^ itt his 
LeMurm IHCIT, says, This diseovery niimt he allowed tn Isi 
one of the greatest that has Isam made siuee the days of 
Newton^* Nevertheless, tlie mass of physieisis and text^lKiok 
writers, for over lialf a eeufcury, failed h> see ilm truth forii'* 
sluulcaved by W. Ifersehtd, and afterwards estaldished more 
idearly by Mcdloni. IbTsehers vii^ws W’ere attac^ked by Jnhm 
Jmim (l.7IMh»IH32) of Edinburgh, the inventor of the differen- 
tial tlieriiicimetar. This able and earnest iiiveiiigator, like nil 
seekers after the triifli, fell inb> error* He s**w no iiflinity 
lM.?twf!eti riMliiiiit tieiii und light. He says; ** Wliiit, then, m 
this imlorifie and frigoritie fltikl after wliielt we are inquiring? 
It ii no liglil, it liai no relation ether, it tours no iiiialogy 
to llii iiiicls, fiml or inmgiimry, of magiietiiiii and eleelfkilly, 
fltil why have memimn to invisible agents? Qumi kk 
mL II ii ineridy the aiiibierit air2^ Thus HerselteTs lieiib 
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in air at ordinary atnl aft it Johan it WUhHm Hiika 

(1.77(^1810) and. WolhiHUm had di-Hoovf*ri*il dark cdit^iniral niyii 
in the ultnirviolotd In 1811 a yonni^ Fri^'iirhiiiain Ifr ia /tWir, 
showed that, of two sueeimHivo ser«*i*im of tlii* Haino kiml, lliit 
second absorhs ht»at. in a Ichh ratio Ihaii thi* firfil* ami In* run- 
eluded that radiant hc*ai is of diffi‘rtuii kinds/^ W. Iii*riirlii*i 
had previouHly nhown that ♦♦ ni4liii..iit heat m of difforritl 
refrangibility.’’ 

lint no nuirked progress %vas made in tlie kiifimdeilgr* of 
radiant heat until J/aerdow/o begun Iris 

reHeandies. From early boylitmd he displayed great love for 
science, lie ‘‘was Iw.irn a physieisb” ii.riil Irgiiri In teindi 
physics as mnm as he left the se!tf.Mdd.ienc‘h. For seven years 
he Uugltfc at the University of Farmit. !kilitii*iil iriiiililes Imn- 
ishecl him from Italy. In France he fiiiinit in Aragoa good 
frieniL .Mellmii mteepted a proff*ssors}n|i in the Urpiirltiifnit 
of the Juri^ but in 1.B37 he was jw*riiiitl4.al to return In Itii 
native country, where, in he rvini mijHiinleil l lirisdnr of 
the Cabinat of Arts anil Tnnlea in Hiifilftsd lii ISfifl Melloiii 
published a great work, Im TTremocArdne, mt la minmikm 
miorlfiqm^ in which ha ettitioflied liii re«ta.rctiei iiii railiiint 
energy. In the preface ha given the ahiry of liii imrly pwiitiiti 
for nature. The p^»aga is, in part, iii followi : 

was iKirn at Fartna, ami wlien I got it holsilay tis«l go 
into lilt country the night bafort, iintl go to taal early, io m 
to git up liafore the tlawn*. Then I mmi to itoal silaiitly out 
of the house, and. run, with kiiinfling licmrti Mil I got to the 


t MmmwBBmm, III., p W!* 

* R P. hmamt^ AMm» A.4. A.&, IW, f* 14 

i Wm UsIlM Ifilriiti tlMM drnijm .ttAMtu smA 
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top of a little hill, where I used to set myself so as to look 
toward the east/^ There, he tells us, he used to wait the 
rising sun and enjoy the glorious spectacle. ^^Biit nothing,” 
lie continues, ^^so rapt my imagination as the bond, so inti- 
mate, which unites the phenomena of life to the brilliant star 
of day,” whose beams are accompanied by mysterious heat.^ 

To insure progress in the study of radiant heat it was neces- 
sa.ry that the thermometer used by Herschel be superseded 
by a more delicate instrument. Such a one was the thermo- 
multiplier,^ or thermopile, invented by Leopoldo Nobili (1784- 
1835), professor in Florence, and perfected by him and Melloni. 
One of the results, recognized more or less clearly by W. Her- 
schel, De la Roche, and others, was emphasized by Melloni; 
viz. that radiant heat is of different kinds, that there is 
variety among heat rays just as there is variety among the 
visible rays. The colour of heat, as the phenomenon is meta- 
pborically called by Melloni, is not perceived by the eye, but 
can be detected, as can colours of light, by prismatic dispersion 
or by expermients in which some colour varieties are absorbed 
more than others. Melloni invented the word thevmoohrdse, 
signifying ^4ieat-colour.” He arrived at a close realization of 
tbe identity of radiant teat and light. In 1843 he said, 
liight is merely a series of calorific indications sensible to 
the organs of sight, or vice versa, the radiations of obscure 
Heat are veritable invisible radiations of light.” ^ But if it is 
true that where light is there must be radiant heat, then lunar 
ra^ys must exhibit heat-effects. He tried the experiment, failed 
at first, but succeeded afterwards. On Mount Vesuvius, in 
1846, by the employment of a polyzonal lens, one metre in 


^ Lahglby, op, cit, p. 16. 

2 Pogff. AnmL, Vol. 26, 1880, p. 245 ; Vol. 24, 1831*, p. 640. 
® Translated by LAiraLBY, c^. dL, p. 18. 
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diameterj together with a ami galvuiioniati'rj he 

sueeaeded in getting faahia iiidii’aliiiUH cd lir*ai frniii Iwiiar 
raya. Mall(nd niada ntniiernuH i%\p«*riiiianla an the alifif>r|itinii 
of radiant haat by nolidn and lif|intla. Hi* i*iiiiii*d tin* word 
diathmuanet/^ which luia the aaina aigiiilicnin^i* for rii«lia!it hriit 
that the word tmtwparvm'if !iaa for viailda light. In liin ax- 
pcjrimanta, the radiatic.at from a or otliar aoiiraa, wa» 

allowed to paaii tlirougli the air to the llii*ririo|iilf* ; lliii 
tion of tlui galvaufn«aii*r mm than iiotad. .Xt*xt, tin* siihfilaiiaa 
whose diatharinanay was to la* tast4*i,l (wiilor, ro«*lc‘-salt, glunii 
or ice) was pla«anl in iln^ path of tlio rays iliriiaiad wpoii the 
pile, and the eomeqiient dalietdioii iioIi.hL MidhniFs lititi 
seamed to show that rtK?k-salt was perfeelly traiispareiit to 
all kinds of ealorifie mys«— a <*ortel$isioii now kiinwii to reijiiiri 
soma qiialifieation. kii ami glass iihiort) mosl rif tJieiie rays. 
Malloni demonitratod ohtarly iliiit itiffereiit soliils aiid lif|iiiils 
imssess diffarmit iratiiiiii»sivf» imwers mid tlial (eieepl in rtsik- 
salt) the diatlierrnattay varies with the soiircis of tlie lieaL 
Qlass transmit 39% of the riidiiiiion from a l#mmtelli laitip, 
but only 6% of that from mmmt at 4Wf il 
While Mcdlonl measiirtil tliii iliiitlieriniiiiif tif iliffirtitl 
tMeknessoi of solids mid liqiiidi, Mm {lS2ll«18i3) 

tffeeted the mtm for gas«i and vii}aiitri* Tyinlall wa» Imini 
iiitr Carlow In Irelaml When alxiiit twiiity4ifMi ytars #lii 
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lorii^B work on racHani onorgy. Afinr gratluaiiiig in 1H5I), 
Tjinlall wont it> liprlin aiul w<H-kocl aiw yc*ar in Magiinii’ii 
lalMiraitirj tni (lianiagnftiHm and magiiiM^ryHiallic antioii. 
Aftor liifi ridnrri t.o Hngland hn cUiliviirnd, in a lorinra 

at tlio Koyal liLHfiiuiion whio.h “ tcK^k hin audionc.o l»y Hiortn.'^ ^ 
lie 'wim |trofVHHor of natural philimojihy in ilin liciyal 

Iristitutioiit wliioli liad hononn* fainouH througli tlio, lalKiurH of 
Tlioiiiiis Young, Sir Ifinnphry Davy, ami Faraday; ft waa 
in till* lalMiraiiiry of tliai plat'o that YyinlairB aulmoquiuit 
roaoartdioa worn nimlo, oxoopt, hin olmnrvationa of nainrid phis* 
nomonii in tin* Hwkn Alpa sinriiig Ida vanaiiorm. Ilia moit 
ini|'iorti.int origina-1 work wa« in thn domain of hnat. fin fHsa- 
Hnased niiniordiiiary jaiwora of |K»}'mlari'/.ing dillicndi anhjwsta* 
l*orha|ii Ida grniitoHt xnrviona ki acdonno aro ihrtsngh Ida Isocski, 
Ifmi a of Mofnm^ tSijt! lATitirtm on Lojkt fdnlivnrod in 

Ainisrina in 1872-1 H7d), Fornin if lFak*r, nUt,, whinli ara itimlala 
of poptilar oxfioHitiiin. 

Mtdioiii hml rormliidod from axpnriinimta with hw thoniio- 
aliiatrio iipjmratiw iliat, for a dintanno of 18 or 20 foot, the 
afmorption of radiant liy atmosplierie air m pnrfenlly in» 
aensitilo. Tyiiflidlt with more delimto iippliaiinei, verifiiiil tliia 
eoiif!n»kiii : dry iilr in a praistieal vinsntim, a« regards ili© riiys 
of hoai III geiieriiU the eleineniary gaani iiliiirir’b mtiireoly 
{lereejitllili! iiinosiiila of rinliiinl himt* lint "rymliill foinid it 
flifforeit willi roinfMiiinfl gimoi ; they ahaorh {lorMofia varying 
iisri*i*t!y with llie eoiiipleEity of their trioteinilei* "riiiti #iii 
vapour of etliofi Imviiig fifteaii atiim« in one nioleeiih% shpirtel 

* 1* FiA»«i.4iim* Tf niWI.’’ Ill ,l¥#r. .lineal Mnr, of 

Voi IWiI, p, ivili For TfttdalPa reletiimtel ** mm 
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for equal voluwios ai niaxirnuiii deiiHily, IC«> imum ili« 
of railiaiit heat iaten^epircl by tbe vafwitir <if earlioii 
coiit.ainiiig only ilin^e at^oiOH, Tyndall baiinl tbiil I In* nwliatiiig 
powarB follow preriHcdy the name order the powerg of 
abHorption. 1'huH, <»Kygeii, liydrogeiq iintl lalroKen do not 
radiate heat, whiU^ amiiioiiia will nhow flr»eifb»tl elTei^iH. Tin* 



Hanie snbjcH’t wan inveHiigated liy //. (*, d/fiyioof of lierliii, and 
the agreement hetAveeu the iw«» iiiveHligaiorH wim very 
except in eane f»f acpieoim vapour. MiigiriiB foiiiii! ilial it liinl 
little or no ae.tion; Tyinlall foninl it to In* eririiiiilf*rfib!i» for 
heat ray8 of low r«draiigihiliiy. The r|iit»Blioii in iiii iiiijMirtaiit 
one in iiieiitorology. I1ie eontroveray hanteil niaiiy yt!ii.r«d 
But in 1HH1 Tyndall puhliHhed a pa|«^r^ addeii fiiiiilly priivcd 
tliat he wan right .At that time Ak^umlrr (imkant IMi hiiil 
ol)tained inuHictal koiiihIh through the iietifiii of art iiiiitrinilteiit 
Imam of light falling ii|Km nolid I'tottieM eiiehiml ill ii glii«i 
flask. The ear wan |ilatmd in eoiiiitiiiiist’iilioii with tliii iiitmriiir 
of the flask liy means of a hearing lals!. When a kmiii of 
light fell upon thii snbstanee in Ihii it fmjjaiKleil fiinl a 
pulse of air was extolled. When llie light %*m ciil <iff| the 
opimsite effeet haik pliieii. Thus, sotitif! wm llifll 

ihowiiil some of these e%is*riitieniii toTyitilttll iti tire lalsiratory 
of the lloyal Institiitioiq whereii|aiii TyinlaJl iiiMe exfmri* 
iiianti on fliwks filled with different .pwes** !lti nays tl«t 
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ilii* ;ii|npniiH vupfir. I' thi* Hank in ecjhl waitT uiiiil Hh 

ii‘rri|H»niliiri* wan n‘<luci*(l fnun ainnit HkT if* HiM’.j fulij f*x- 
peeling tlir* HanH‘ muiihI wcailfl vaiUHlt at t-hin tmtiperaiure ; but 
. . . till* HMiiiifi wan fiiHliiiei ami batfL eiiipt^y flaHk« 

filli'il with cfi’flinary air Wf*re in a finxiiin** 

(III iMniig rapiflly ti’uiiHf*‘rrefi t<» tlu^ lH*atn, nfiunfl.H 

iniirti Ifiliilii* tliaii ihiKSf* <*btainf‘fl fn»in dry air Wf*r<* pri«liii‘i*d.*^ 
TliiiH the vapcair mIkiwimI ahHarpiiofi, and the lairitre* 

verKj wan liiiallj eiiiletL 

Leslie, Mfdhiid, and TymlaH poiiiiiMl ntii an errer fd wide 
prr*¥al«*itei* reganliiig ih*» iidiueiH*** c»f failnur an abmirpf-it*ii. 
Ifeiijaiiiiii Friiiikliii had pl;M**»fl eifiilta f>f variniiH efflfiitrs tijHiri 
aiifiw aiid iill«»w«nl the .hiiu tn shiiH'* npim thinii. ddiey aliafjrlMnI 
fnilnr rajs lf> flifr**reiit il«*grf‘f‘s uiifl sank t<* flilTerinii depthu in 
il'ie niifiw, Friiiii tills Franklin rtnirhnbs! that dark cadnnrii 
'Were the almnrbers, antt light lailonrs ih#^ wnrsL But thin 
ge'fienili/iitieii rei|iiires (inalifteatifni. I hit the radiaiinn frnnt 
flii? niifi nr f»f.ht»r liiiiiinnnH iwidj ennsiHi e'Xidtmividj nf visthle 
rays, ilieii llie prnbleiii wimld lai niriipler, ’bni the invisible raja 
ci'flen jiriwtiiee effistia imaetly f>j*|iimii4? t-n wbiit Friiiiklttda 
llienry wciisld leiiil iia l^iexpeeL Tyfifliill efiiiieil t!ii! biilbirf ii 
riiereiiry flirriiinttieter tviih aliitn (a -whili* piiwde-r), and 
biilti nf » aeriiiifl iliertaritneter with tisline (a dark |aiwder|. 
fill Pifaiiiiig file btiitm at tht* aatiie dialitiim'* In tJie railliillntt 
fmiii 11 Hiiitie, the abiitiaaiverefl iherriiniiieier man tiiiarly 
Iwiee m liigli *m tJie nllitiri aliiiii wiia it ladim* almitrtM»r than 
iwlifie, Tyiiiiitll myn tJiiit **radiaiinii friiin the elnlltei wliifdi 
rtiver the iiiiiitmi kaly ii iinl at all, In tlie exieiii aniiteitiiieM 
il«ji#ni«l#iit riti llitir enltir* The mhir tif niiliiiaFi fur 
ii «|isfilly iiirnifi|a 4 #iii to iiifitteneii rw-liitlbin are the 

ciiiteliifiiwiii arriiini iil % l^ali# anti Melhitii Awil/'* 


ll^«l « MfA Wmm f #ri, IW» p. 
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Imfwrtant coiitribtiiionH to onr of riiiliaiit cnii'r^Y 

were made by iSmmwl Pirrptmt Lnurjir^p {hmu In IKl>7 

he became profenHor of smironomy in the \Ve,Hfi*rii Uiiiveriiily 
of PeimBylvania, with eliarge of tli«5 olwervjilory at Alh^gliesiy 
ijitf, Bine.e I8B7 b;m Imen nmiieeteit mitli the Hiiutlimniiaii 
Institution iia Bec^reiary. To make market! prt%'rf*i 4 ?i m the 
Htudy of nuliatitai it Beeiiieil net*eiiHiiry In iiirimt; a more 
delicate iuHirument than the thermofiile of Alelloiii aiiil 
Tyndall Langley’s new deriei? was thi* bohuiieter, Itml ricf- 
scribed in IHHld A very fine strip of iiiiiliiiiiiii (at iimi iron 
was used) Hcrves as a eomlueting ivire in a circuit If ratlin- 
tion falls uj>on it, its tiuujs^rattire is riiisetl mul Its 
resistance increiismi A deliciite gnlviiiioiniiter reccirtli lliii 
resulting disturbanee in the elct'irie current The 'Imloiiieter 
has \mm rufulo t4» indicate a change of teiiijmriiliire iif dIMMMMIl 
of a degree centigrmle. Some f*f its first resitlls were to slww 
that the maximum heat in the snlar s|«*etrtiiii wan in tho 
orange, not in the infra-rr*d, as cliiin«.^d by W. Iferscliel ftnil 
otheri. The earlier ol^ervcrs hail iwnl fht* |irisiiialie 
tmm,, which is iiibject to two imiairlant cirrora: (I | the jirisin 


i^ritoi la tti« Joaiml, 0) VcJ, h lifii. 
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mentally ilmt tliin wa.s mit tnm. '‘Hm infni'-r<*<l myn |mii8 
thrcmgli mitti eomi^arative mine, llin oxperiiiieniH 4at A.llnglieiiy 
C]ity, eiiiitiiiiUHl in IHHI an tlm erent (jf Mnnnt \V!i,itnt*y in tlin 
Hmm Si*vmhm^^ Hlmwail tiiat tJn» aimcjHpliern actn ** with seine* 
tive aliSf#r|iliuii in an unaniii'ipaietl degriH% kne|hng hin^k'an 
iiiiiiif*iise |irn|inrii«ni of the hltm sunl green.” Thii atmimphere 
not only keepH liaidc a part of the snlur radiation, hut totally 
ehaiiges its eniii|itiHiti<ui in thing stt. My taking nut mmm of 
ili« lilin* and grt^eii, tin* resiilut* etnniitg ihnvn in us piaidiiecti 
ilia saiisalifiii «»f wtiat is faiitiliarly known as “white” light, 
so that, “ w Id la ” is ntd the sum of all the ratliaiion from th« 
situ. Moiilfl wf* rise ahovi* ilia intrtldH atmosphari^ than the 
sail would ap|a*ar to us grisudsh, hlua. 11ia pitra original »uii« 
light t« no tiiore like lh« railiatitin falling U|ioii ilui aiirtfds 
siirfira Ihiiii Ihe ideriria light is like that wliieh raaehas the 
iiyii tltriitigii ratltltsli glassas, 

Aiiiitaii by F. W. Vary, Langley axperiineiitisl on the tiun- 
pamtura of lha iiioon,® The boloinatar “gave inilii?iitlons of 
two itiiiiiiiia in ilia liaiii^uirva, the first aorraspoiiditig ki iltti 
liaiit front tlii^ solar rfdlaaiifd rays, ilte mniond (liidatlntkily 
lowiir ilowii ill Ilia nim^imm) eorras|aimting to a griMiktr 
iiiioiiiit of riniiiiiit «niilltad front a soiirea at a far lower 
tifiiip^ratiira,” vtt. trum the mtrfami of the moon ItsidL Tliii 
aifian kfiti|if»riitiirtt of ih# iiiiilit Iiiimr soil **iii rrioit prcilmWy 
not frimtif tikwa r^iro caifitigrmla.” Tlia ilatarititiialloii m 
OH tint exiJ^rtmaiitallf eatabliilind by Iiiiiiglty, 
“ Ifiai till! pmUkm af the iiiaiititiiiii in a tuirvei rwpreioittttig 
iiivwibla rialiiiiit tieal, fiimtiilias a ralimhla criterion m to Ilit 
tittHicKittirit of Ilia riwlifttitig (solid) kaly*” 

* Mm. Mvt mi 0h voi. tfi* im% pp. mi4m. 

* Jw. Imr. mi, Vi>l* Wi 411 -4411. Tlili k only In atutr^L 

'ill# fill wiiiolf a|i|itar«ii In MfmMm MMittmi JefM* #/ BiimmMt 
¥ii* I¥* 
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By the study of the nidiaiieo <if ili«^ liri**fi}% f4iii|»lf*y ami 
Very showed^ *Hhai it in iHWHilih* lii lii^hi 'Witliriiit 

heat, other than that, in th«' liKht. tinrlf ; fliat. tliifi is airliiiilly 
effeeted now by nature’s prm'esHes ” ; “ lliat, uninm 
thin chea|mBi light at abtnji oiii* jiiiri of llio 

eost of the energy whieh is **ic|»eiidisl in the aiid 

at but an iiiHignifi(*aiii fraetion of flit* mmi *'if tlie eleelrie 
light/^ 

Laiiglf'*y denitiiiHtrffcied that the ^dsinil effrel |iri«liief*il liy 
any given etinsiant ainoiiiit «»f energy vnrii*!! eiioiiiiuiedy iie- 
cording to tlieeadonr of the light in For the siiiiii 

caloitr, it varies with ey#‘« of ditfi*retit, iiitliviiliiiilfi. 41ir* seiimi* 
tioii of erinison light ordinarily r«*i|iiires lliiit I lie energy of ilie 
waves ammtei by the retina, during the iiiti of j»i*ree|i|.iiiii, Im 
alwait ,iKll (if an erg, while the seimattoii of green eiiii ln^ jirie 
dneed by ,IK'M)dMICh<lI of ini erg. In oilier wonli, filwnt 
times the energy is deiiiii-iided in make iii see nwl that is 
rmadiMl to make ns mm green.* 

Langley explored widely itn* irifrii^reii regioii of lit# iiilw 
spaefcrnni. #L W, Draper hinJ, in his |#lttitiign|ili of lilt, 
oimvmd tlirti wide bands in lliii regititn The iaiiie were 
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nrarlj alnri invifiihlt* infra^rrcl railialioim 

frniii fi;*rrfHtrial aiul han lt*ariti*d wiift (aTtaiiity -of 

wavi*44*ii|;t!iH KH-aliT than JH.ha min., and haa grnundg for 
i‘gl.tiiiatiit |4 tliut lti‘ han rf*«*ugni*/.i*d radiaiiuriH ^vlumt* wavii* 
Iiaiglit f‘X«*r«‘dH Mil min., ho that, whiU* hit liaa dirf»c*tlj iiirafi- 
iiritd iif^arly tin* wavrdnngth known iu 'Now 1 . 011 , 

liai4 |>rf*hahl»* indit'al-ionH of wa%’o4nn|^ilm muidi grnainrd' In 
jilanr* of t-lm Iwiloiiifti^r, iHuhdm and h\ F. XFhftln liavi* nw*d a 
itiofiifinil form of ^'rooko^’H radioin4‘t«*r. Thny luivo isolated 
and i«li^iitifii*d rays from hoi zirroniaof .Oo ntim wavodiatgitn^ 
Thirnn an* ahoiii thn Inngih to tlm Hlmrtoai Ilnri/Jan 
wavos. Thin*, lioiiiogoni'iins radiation yd imarlj nvnry wavn- 
Innglli front Ilrri/iiin W'avim, sovoral kiloinniitrH long, dowm io 
iili'ni*¥iolt*t ray;s, hm than nint., In d*dinii«*ly known* 

Tin* iilira^vioh’l. rays in tin* .solar H|inrtni«t, thn ojciHionfn of 
widcdi W’as disnovrrnd hy HiUrr and iro//a.j/oa, wi*rn nindind by 
Biot, wiio ffiiiinl that: ihn almorjitivn [lownr <d ghwn, riH’k-aali, 
ainl t|nart/, for ihomf riiyn in itido|i»*niIinti of thidr ahsorpiivo 
jifiwnr for rayii, A. i\ iFi^tpwrd ahcmasi thal i|ttiiri5r, 

m oiijaioially lra.iiintii.rfnit to IIiohi* raya; ovnn a dark ptoiai 
will lot irtorw iliroiigli than 11 olimr paim of glna»* Tlio idim^ 
ifiolnl. rogiriii liiia Imoit ataidinil laitli for aohir iiitd artifiiiittl 
miliiiiioii. Ftnm timrf atnl E* llimh*k, iiaitig a liowliiiid 
griitiiig, in IKM nindiiml lint apark «|awlrii of olnvitii itiolalii 
liy jil«it.ogm}-i!tf I aiiil t«iok tttoiiatimtnoitla on iiioro ilmti llhIMMi 
iiltriovioiot lisioa.* 

i'mmm oli^orriilioita lia^n lioitii tniido tin illi* 

liitriioii/' Tim mmtmms of iliia wm first tlii- 

* Jf»* Jtfm #ri Ci|f Vol, ii, liii, p* tl. Wm rtlll mtm i^ioi 

%"«i, il, fifi. liiH. 

* llptel Mmhm, mm, p|i. ni4**m 

» M Mmi. 4. IT Wim, Vot pp, 

m-iti, drnm^m* voi. int, p. m. 
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covered by Fo^. Tidhot abtei 1810 . Hn* irriii wm iiiv«‘iiled in 
1862 by Le /^orur,* wlict mdiccfl iliiii flic of iiMliiiii 

absorbs the iniddic pari of thf visililo spoctruio; ami lliat, ;iii 
comimred with other iHalies, it refnirts tin* bliie to ii lemi 
degree tfian tint red. In IKTtt <*. tliai a 

hollow glass prism filled with a sohiiioti tif fiielisim* gave llii* 
order of the colcairH, vi<ilet| rod, yellow, instead of red* yelltrw, 
violet. AufjuM, KumH (IHMtt-IHl'II), |irofeHHor at Wiirr.tiiirg, 
after 18 HB professor iit Berliii, lias tleseribeil ii similar lndiiiviiiiir 
in r^an, mauve ariilin, anilirt biui», ami ollicir siilwtiiiiers® ivliosi 
colour by reflection is ililTerent from their fiiliiiir liy iriiiisiiiisiiiorL 
Ilis observations were not confined to siiltstaiires in tlw lifjiiitl 
state. In 1880 he aeeidentally iliscnvi^red iiiioiiiiiliuii <Ii»|>er- 
sion in the vajsnir of smlinim In tJie ilisjiersion, eiiiiiad iiy 
very thin films of certain iiiefak, Kuinli iinllimd a slrania 
fac^t. In gold, silver, iiml eiipiMtr t!ie ray wits k^iit iiwiiy from 
th© normal, on passing front air iiilo tin* filin; iJial t«, fim 
index of ndrmdkm tnriieil out to la* less lliiiii iiiiity. For 
gold and copper the rml ray wim lauit fiirllier fmm the iiorratl 
than the Iduti riiy. For platirnim, inifi, nickel, liisiiiiitfi, the 


LrUHT 


188 


fclirougli ix'si rciiuliietorH.^ The |ih<*rKnn«*'na of aiK^inahnis 
ciisporHioit play an iiu|iortaiii role in iiiodern thoorien of dis** 
persioiij aclvaiir.ecl by Keitider, HidiiihoItZj and oilterH. ^ 

The lioiiienrlaf tiri^ of the aubject of radiant energy i« in 
liciud of revinion. The exproBHion radiant in Btill ninch 

UHtjil; btii ilii* itinn in H<df-i'ontmUc.iory, if by heat we, ititMWi 
a form of enm’gy <ln« to moler.ular mrdion in |)ondi‘rabli5 
matter. Where there ant no inoleetdoB thitre ean he no hcsat. 

The plieiiomena of *M*adiant heai’^ <io not Iwdotig hi the 
Beienee of heat at all, unleHH we renort hi the obje.«di«>niihIo 
couriict of atimdiiiig a tionble nM*aning hi the wortl by 

allowing it hi designate a hirin of ent*rgy (hm to eiheriml 
wmves m well im that due hi moleeular agiUiiioin^ lim tarma 
diatliifriiianoiiB ^Sasid “uthermanouH’'’ are ill teemuHo 

they fityiwihigieally ntfer to t!if*rniie or limit phenommiaj when 
really w« itrn dealing mdth ethenwaveB/ 

The jirolilfiin of photography in natural (tfilourB' in iia old as 
phohigrapliy itnelT The lirat elTtirts at nolution were by the 
ehatiiitml iiiilhml The triala whkdi are known are those 
made by Kdmmui who «neeeetlml in oliiaining «{«iit 

a silver jdate eovertnl with a film of violet mikdiloride of 
silver tliii iiiiiirenfiioii of all the eolours of ilii! solar s|M!otr«itn 
Blit fcliey viiiiistieil itn mmn as thi^y were esjamed to tlin light** 

In tlifi ieeiiml iiiiftliml of eoloiir pIiotogrii|ihy ihreii 8ii|mratii 
eoloiirltsi negalivus are taken of an objm*t hy light iiwiitig 
ilirotigli three ilifFereiiily eolonrtfd serwois. Friitri lliime, Ilirmi 
ooloiirltis ismilives are iiiiolif* Then eimli iwiitivn is dyed with 
lilt imifiiir f!firr«»iMiiidiiif hi the liglil tiiod in iihteiiiiltif ite 

^ iriifff, miL wti. m, p* i* 

* Hi# uroiil ** liral lain lieined In the Mmakini 
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negative. On miperiniiKming the penitiveH anil viewing 

them by tranHinitted light, the <ibjec*i |diet.cigra|4ied in mnni in 
itH natural eolcmrs. Thin wnn inveriti*ti in ¥r;um-^ by 

(Jlmrlm Onm and at the name time { IHlilti liy ihivomiu ilmmm. 
The OerinariH elaim the priority id’ the idea fbr ikinm Brnt- 
stetteiL Tlie proeiwB him bum smpreved by J. Joi^j} 

The third iiiethnd, due in iiiierfereiiee «d' ligld;, wii.m pub 
liBhed by (L Lippmann cit Parin.® A tniUHpareni phutugrapltie 
him iB pliwHul in tumtiwi with a layer f»f inereury. The liglii 
reflecttHl from the inerenry interlVreB witli the iiieiflent light 
BO an to form Btanding w^avim in lit*? filiii. In t-liiii w'ay the 
film ig divided into a nuinbir of tliiiu e*|iiidiiitaiii Hlnitiii 
parallel to the Hurfm’o of the? glann. The disianri^ bid,weffn 
thoBO layern is half the wav«^h*iigili of llie iiiOileiit light 
They imt as reflneting siirfitees, and iipinmr «uil«Hired wdieit 
viawiid at tha proiM^r angle. Tliiis, if th« siriiiii iii finy point 
are formed by violet light, they will refleet only violet light 
It is intereiting Ui notiffe that Iji|i|*iiiaiut wits linl lo 
experiments tliroiigli an effort trartsi«iri itiio the cloiiiiiiti of 
light til© aeoiistie property of an organ-jiifM*, iwunriltiig to 
which the fundamental piUdi which it gives forth 
only tt|>on its length. 

The wiik|nii itkii of fulopting the wivedmigili tif noiiie priiii- 
ukr my of light as a ^^itamlard of wsw first 

in 1829 by tliii Friiiehman Jmtpim BMfsH ClTSl4-18i2|,* The 
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gested the wave-iengili of sodium light as tlui siaudard and 
explained their inferential eniiiparat<.)r for deieruiining the 
length <:d the metre in i<5rinH of tJie wavolerigihd Later a 
green iiiereurj ray was tried in place of the scxiiuni light® In 
1B92 Micdielson, by invitation, toijk his a|)paratus from Clark 
University to Paris, for the purpose of instituting a ctoni- 
parison of the length of the new inti^nMitioiiiil metre, with 
the wavedengtliH of (certain eatiniium lines wliich were hnind 
to ha preferable to others m maanint of thc^ir great hofiio 
genisity. This delieaia undertaking was earned cmt in t!ni 
Pavilion de BreteniL'** Thus the fundainental unit of tlio 
metric system was eompared ** with a natural unit with 
the sarnii degree «if ap|iroximation as that which obtains in 
the comparison of two stamlard metres. This iiaturai unit 
dependi only on the properties of the vibrating atoms and 
of the universal ether; it is thuH, in all prohahilityr, on«! of the 
most constant dsmensions in all natured** 

The first step towiirtl mcalern ilteoriei of vision was iiikeii 
by Thomas Young in IBCIf in his article on Light amt (Mmm. 
He tlitrii makes tliii liyjKithetieal statement Hiat eimli purl of 
the ritiita Itan three {mrticliis,, sinisiitve respeetividy to the 
colciuri rm% gdlum^ and Um,* Tliereiumn Wolliiiit4m itiiult tib 
etlelirateil filiiiervatioii iif dark lines iti the solar 
whksli lie 8iififMi.iii!d to Im the diviiltttg lines of tliii piiri siififib 
cciloiiri. Tills iiii»iifiee|itbit led Yowtig to elimise rmL fwn, 
iwid vMd m ccilciiirs priitiarily laweeiveil, in pli«?e of feiriiii, 
and Wilt/ Later, Young fomid, by the riitalioit of eiilrmrett 


» dm. Jmr. m., M, IW, pp. 

« dm. Jmr. m., Yol, IIS. IWtt p. liL 

Mmil, YiiL Hi, !«, pp, dMm»m§ mi Jbfr#- 

Vi4 III., im% pp. ^m^m. 

* YoL I,, p*. 141. 
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disks, that a mijiture of r<*ci, grrini, riiH:l violist i-ircMliifos graj.* 
Young’s theory was elabiratod by two of tlie greatoHi filiysb 
eists of the emitury^ — imd It in laiiinly 

owing to thair laliours that it nmnvinl the oaridjil rtiii^iflfratioii 
of physieists. The main sup{H>rl for iliif iifleetioii of 
green, and violet as the fumliunental triad liim souglit in 
the phenomenon of eolourdiliiidness. Jiliniliiess to ml is tli© 
most conunon ; blindness to tjrmm in not iiiieoitiiiioii ; to rniel, 
has been known to exist But this argiiiiieiii is not so eon- 
elusive as might \m desiral, for the reason that a cletieieiiey in 
colour sense for red is at tinn*H aeeoiiipaitiiMl by ii detiideiiey 
for yellow, green, and bhie. The soH'nIied ** Yotiiigdleliiifiolte 
theory has Iman extondecl by Ikjilm N, nf Cciluiitya 

Uollege, and ff. de W. Ahtmf, But il has not 'witli uidver* 

sal acteeptaibiL A rival thtajry was ailvaiieed by M* ihrirng* 
of Vifinrta, who aeeepts three eltiiieiilary seiisiilloiii, viz. tilwk 
and white, red and green, bliiii and yellow. Binei* 1B87 the 
physiological psycliolofisyi have liepiii iiiviisllgatirig the tub- 
ject, and half a dov^n new llteoriea hiive kieii tilvanc^* 
Among physicisti the Yonng^lleliiiholli ilitoryi iiti aneomit of 
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Ilering’H tlipory was also d^’clarcKl to fcail to ac.eoiint for some f 

known faots.^ ^ 

Once there witM a wicle-s|)r(*a(l (tonviid'ion tliai tlirs Immaii ; 

eye was an optiral inHinnneiit. of H\ich great perfffciicai that I 

none fornied hy Ittniian liunds couhl rival it. Actual exartiini^- f 

lion of the aetion of the eye^ carried on iiiidnly l»y Hidiuholl/., 
has brought alnnit a ehaiige in ihtme views. Hays he,, ** Now 
it is iu>t too much to nay that if an opti(diui wanted to sell niii 
an instrionerit whicdi had all then*? defeets, I hIuiuIiI think my- 
self quite justified iu l^lainitig his earelessnesH in the Ktroiige.st 
terms, ami giving him hark his iimirniiieiit.^’''^ This statement 
is supported by passageH like the bellowing **A refracting 
siirfmm %vlii<‘h is impfu-feeily elliptical, an illamntrefl tele- 
scop, does not give a single illiiniinatinl point m the imiige 
of a star, lint a<*eor«iiiig Ut tlie surface ami arnnigement of the 
refilling niedin, elliptic, eircntlar, <ir linear images. Now the 
iiiiagim of an illnminafed fKiint, as the human eye brings them 
to foems, are ctvcii more immmirate: they are irregtiliirly rmlb 
atetl The rea-ion of this lies in the construction of the cryi- 
j talline lens, the fibres of which am arranged around mn | 

J diverging axes, io that the rays wfiieli we see around ilari 

[ and oitiiir distant lights are images of the ritiliiitol structure 

I of oiir lens; and the tiiiiversaliiy of tliis optical defetd ii 

provf?d by any figiini with diverging rays, being callicl 
fiha|s*dd It is from the mum m%um that the rnrMiiii while liti ■! 
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very faint of through tha |»n|hl from ilia iwt 

Burfar^es of the rryBiallina. Ioiih. Lttijmhrrk foiiinl iliafe 

this reflection altercol (inring the ai*t of ueroiiniicMliitioiL 
Helmholtz ami othern, hy th«*Ke alteration b, Btinlieil liii* ehmtgeg 
of the lens, and arrived at ilie eonitlimioii tliai tlir* eye afljtiiitg 
itself by the mntnicdion of the ciliary niiiiirli*, ranging the 
tension of the Iriis to \m diminished and its stirfiiees (eliiefiy 
the front one) to Introiiie more eon vex iliaii when th<f eye is at 
rest, the images of near objeets kdiig ihiis lironghi to ii fatm 
on the retinad 

Helmlndtz irreverently liisrhmetl tlie fni'i that in blue eyes 
there is no real blue €'*oio«riiig tiiatkir w!iaievi»r; thi!! di!e|:iiiit 
blue is nothing but a turbid medsiiiii* The rijitie iirtioii is iliii 
same as in case of smoke which ii}>|smr8 blue on a dark biic^k* 
ground, though the jmrticdes tlieinselvis are not Idiie; or in 
ease of the sky, which, according to Newton, Htnki^s and Hay- 
leigh/ looks blue through the iigeiicy of eatreiiiidy fine dust 
suspandad in the air.^ This dtisfc, wlieii ilhiiiiiitaled by sun- 
light, reflect a greater |»roi»ortii>ii of lit# iliorter waves of 
bluish light and transmitu a greater propirtiofi of longer 
waves of reddish light 

Hilmholte and Mipcwell eiperimenti^l on the effrete pw>- 
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The first prominc^iit fihyBicnHi who eiideaviitiretl ovi-*rt:.liri»w 
the ealorit^ thef>rj uf was Ikfijamin Thumimtin,, Huunt 

Itumfimi (1T5,T-!HM 1 .^ Hi* was iiorii at North Wohiirii in a 
huiiihle Ninv Koglaiicl hoioo, wiihia two tuihm of the loitivi* 
pkaa*. of another groat Hinijaiuiii, — Fraiikliit. Thimii iiiini 
never met, hnt both aehieveci gn^at thiiig« in phjf4ic*iil invi!i4ti< 
gatkm. In lioiijamin Thom |mon a taste for research iliHplayeii 
itself early. An old iioii»4mok of his eontaiim the entry : ** An 
account of what work I have done towards getting an Kleeirirat 
Machinif. Two or tlirei* days’ work making wlitsda. ihie hiilf 
day’s work making pattern for small <’ondm*tor. .Making 
pattern for Eleetronieter.” At one iiiio! ln» walked, eight 
miles from Wolmrii t4i C Cambridge to attend the lee.inri«ii on 
natural pldlcisoplty of .Frofessor *fohii Winthrop at Iliirviinl 
College.^ At tins ago of sdiieHam he taiiglit mdioot in Ihii 

pignifnts and colort (p. IIW). While Maicwifll inixwl mimm 

by rijtaiion, lie itimally tmnl n ‘Otolotirdwm” wideli he in 

** A ts^ftin of siiiillglil li lo Im -1 divided hiloeolers hy a prkiii, isfriali* eolfitu 
aeleeltil fey a aerwni with slim. Tfe»« gatlir?risi liy a leiw, ainl wlitritil 
to ilie fiiriii of a b^aiti fey itiollier iirlsw, and tli»-n viewed liy ilie eye 
directly ** (p, till). While Im wa* profi^ir at Eliig*a lie rtmlilwi 

at S, Palace llanletw 1‘erm’e, ICHwiii^ofi, where he rarrW on fitany of 
hii eiptrliweiiia in a largi* garret widrti rmn tliif wholit lengili of ttiff Initiw* 
Wliwi eaiKfrimeiitlrif ai tliii window with the roltirdeix (wlileli 
paiiittfi aiiti niwly elgfit fe#! long), he mrMmd Hie Wiiiider of 

iiilfhimrs, who ilioti|lii liftii mml to apeiiil mi iiiaiif Iioiim In starliig Inio 
acfiUfi'* Cfi. 

* fl. K. KiJ.P* o/ Hit ikm^rnim Tkt^mpmmt 
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district at Wilmington. At tin* «:mtl»ri:*ak cif tlie War of tha 
Kevolution ThoinpHon scciimd t-o favour tliti 1Virj partj ; 
was viewed with gunpicion an an oiieiiiy f« liia caiiititry ; 

was arrested and coiifmed in Wfiliiirii. Yet no iicwilivt* ttid 
direct evidence has ever ian*n foniid cif any liiifrieiidly tmi iltiiii* 
by Thompson, or even of any speiMdi of aticli a cliarimter 
attrilmted to him.* At tin* age of iwi*iiiy4%vi*, Tlioiiipnon fltd 
to Englami, leaving Imhind him ii wife and fliiiigliter. As far 
as known he in^ver even tvrote iu Ida wife. In iliiii prcniiiiieiil 
scientist, *Hhe life of tlie sntellec^i apjamrcd to liiwe 
with the life of the itfliHdioim.’’ For ii time lie |mrl:.icifmtiftl in 
the war on tlui side of tliif llritiili. 

In 1777 he k^gan his career as an eiiw^riiimiiinl neieiiiist by 
a remMirch on the cohesivt? strength of ilifFi»n*iii siitisliiiicei. 
The following year he was aditiiited m a fellow of tliii Iloyal 
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m Englislimaii. In 1803 Iluirifonl wmi to France^ and mar- 
ried tlie widow of the cdiemint Lavoinier. A divoro© 8 ck)ii fol- 
lowed. He <lied at Auteuii, near l\ari8. 

Of his varioiiB experimentB, the ones on the souree fd lieat 
excited by friction, publiBhed in 1708 , are of the greatoit 
interest. While engaged at Munich in the laming of cannon, 
he was giir|irisi«l at tiie heat ge.nerated, Wliencc coniea thia 
heat? What is its natiiri^? He arranged apparatus so that 
the heat gmicrated by the fricdion of a blunt siiasl lamer raised 
the temperature of a quantity of %vater. In Ids third experi- 
ment,* water rose in one hour to 107*^ F. ; in one hour and a 
half to lAT; *^iii the end of two lunirH and thirty mimitii 
the water meitmiif/ *Mt is dillicult io' destmilai thii 

surprise and astonishment/^ says Eumford, ** expressed in Itiii 
eountifnaias^i of the liystanders, on seidng so large a f|uantiiy 
of cold water {1H| jsiundHj lieabsl, and actually unwle bi lad!, 
withotit any fire . « . yet I a«.?kiiowledge fairly that it afforded 
ma a degree of cfiihlish pleasure, wdii<!h, were I ambitious of 
the repiitolion of a gmm philfm^phar^ I oiigtit most (umtiiiiily 
rather to hide iliiin to diseoverd* Ttte source of Iiimt generiited 
by friction ** appeared evitliintly to Is* Tli© 

rtasoning by whicti Ita aoiialuded that heat wm not niattor, 
but wi» flue til fiiotifui, we can gi^e only in piirt. He says, 
**It is hardly ummmmry to add, that anything wliieti any in- 
tfilolfrf Isaiy, or systeiii of tsKlies, eaii e-otittiiue to fitrnisli 
out eaiiiiol |i«»ibly be a finilerlftl Muimi4if$m; and it 
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In 1B04 Ei.tiiif«>r<i in n li4.t*n' iu ,!l|iirr #lii||ii!«|r 
of Ckinova, ** I inn ihiit I shall a iiiiiii^ii‘iil lung 

time to have the Hati«faelifni of nenrig rahirir iiilrrri»i| wilh 
phlogkton in the aanie tomli.*' Tins wm liarilly rr»alii,«L 
For nimrly half a eeniury later lln* larg*-^ iiiiijonty of iihy* 
BimU and e!ieiiu.st« eoiiiinued in iIp! kdird lliiil heat a 
gnbitaiitai. 

In the inanirale iin*iiimreiiieiit of iieiit lliiinford m-aa lens itie- 
cmssful than in hin f|«alitative work. In Iiin ex|irriiiti*iii» cm 
heat from frietirin he hinmelf mtyn lliat iin fmtrnmU* wiih iniiiit 
of the heat iwe-iiiimliiled in iJn? Wfn^ieii Im* liwlding the Wfiler, 
nor of that dbjairiieil thirstig ilie eip'^riitieiil., ¥rmn 


lord nawi wa iiiaj iiiaae a roiigii in i.iie njitliliiicti 

equivalent of heat. He enlirniitiMl llit^ llieriiial raiwity nf ih© 
water and rnaliil m the eqnivalrtii l« that of jniiinili of 
water* Kiioiigli heat eoiiltl la* geiieraletl in *i| lifiiir% hf the 
use of one horae, to mmm ilie leiii|'if*fiiliir« IW l«i 212^ E 
Henee, the rate of itiereaae in tern rn? rat lire wm U* tier iiiiii* 
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iiC)t af tlif tliiH virm* ii.n Ihiiii- 

fcwl, itiitl it iMit fili IHVJ ma Iw f**lt iii 

that ** IIm* iiiiirii^tliati" *4 lihriPHiiriiMit i4 rt 

iiiciiiiiiit tli« lawM nf iia ar«’ pwvMy Hit’ 

saiiif* i'W tJii! law.H nt tiii! * At>t» 

iiig frciiii Hiiriiftinr.H ti n4nU%ip^ti »4 

tlMM'al«irir in I HUT liy Tlitiiii»i.« \nnug in hvi 

iVi'iliirai i%iinMtfphy. Blit IliiinftinB aii4 ’I i'riii4»% 

at tin’ Bill f«’w 

All iiii|nirl*y'it «i}iHJTVEt.ifHi IwMriiig mi lln’riiitniif’iry -wiut 

aiilintilifntl in i*}’ %vlw r4f^«’rv«’4 llir gniiltial 

i*fiiiii|Cn nf It'in nf tmnmty in ida/i-’i 

lint r»4nrii tf.» tin f^ri||iinii ^niliiiiin *m 

iwilirifC frniii a liigli In rmitm* *4 tiiiir- ttin 

i?iipa#4lj nf llin Inilii 4itnini.^lim a riitlinr r*i|ii4l)^ Hi 

fir»t, ainl ihm vnry ulnwly fi»r y«Mir^i Hup 

urty liim I'mtiii llir pfnirm nf an niil«44 nsn-Miint *4 I## 

wriwii aiiiiiiiic In mnn%f%* vpty iiriniriit-#’ rlrir-riiiiiiiilipni.^ nf 
ji^riiliirtn •Intilf* r%mumm4 ilin ** imn rna4if»g •*! ii *|i4iriilp 
tJinrifi«»iiir4i*r m.I inlwn^ali mm n jwmnift nf 
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hm Iw:b€II Wirln* ii.ii«l Hi'ltfili nf Jitim li»t 

sliowii that glims roiitiuiiiiig f’illirr wwliiiiii f.»r |K»ttii#iiiiiii, Iml 
not l-Miih, gtvtm ilio lofmt i*f l}i«* 

Itearttly |■ll^4i^nnt» hm*' Impu fr»c*itiiiiii«*iii!«i 

for iJOfiiiriito roHf»aroh.^ Tht’^y may Im* iiohIw i#y wrlilmi^ ;i f*ii|l 

of tiiia plaiinttiii win* U$hminnf !«ov tmkl^ 

aiioo. Thci c*inl and hnuln mmi i»i» nnituhly mmilnlml anil 
Biip|K)rk«fL It is an ftirin of Wiiliiiiii 

eleetrioal jiyrf>iiiid.4[*r. Tin* jdatiniiiii llmnmmwU^t oiiiii. 

parati¥i:i fritnlunt from r\m\p* af M*m., It iii#lirai#*« 
tiira by its rliiiiigi*? of idroiriral wlnrli is mlwayi 

?ory nearly ilw saint* at tJnt m%um 
Tlia first onn?fiiI roiitjtiirison of ibii iiiomiry llierriitiiiialitr 
with the iilr tltf^rinttinolifr wim ininli^ in lUlf* by lh$kmy mil 
PeJM.^ They imsiiirmii ilnit iiior**iiry llii*riiioiiiPlrra 
among theiimelvt-m, nn thiit si liilili^ nf mwtmMnm ffiirpfitllf 
pmptirttl for imn iiien.*nry tli«*rinfiiiioy*r w-m In nil* 
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100® C., the air thermometer and the mercury thermometer 
of ordinary soft glass agree very closely, though at about the 
middle of the scale the air thermometer lags behind the other 
"by about .2®. Above 250° C. the mercury thermometer reads 
considerably higher; at 300° the difference is 1°; at 350° it 
is 3®. Olzewski showed that in low temperatures hydrogen 
tbermometers are still quite reliable ; at •— 220° C. its error is 
iiLOt more than 1°. In recent years, perhaps the most careful 
“work: on exact thermometry has been carried on in connection 
witli determinations of the mechanical equivalent of heat, by 
K.owland and others. 

Considerable confusion existed at one time in the minds of 
leading physicists, and still exists in some of our text-books, 
on the subject of temperature. It was stated as a merit of 
tire mercurial thermometer that mercury expands uniformly,^ 
or of the air thermometer that air expands uniformly"'^ or 
expands nearly uniformly,^^ and yet no standard of reference 
was given by which this uniformity was supposed to have 
been established. As a matter of fact, we may take any sub- 
stance as a standard and then define equal increments of tern- 
I>erature as those which give equal increments of that substance. 
But, if mercury be so taken, then the assertion that mercury 
expands ‘^uniformly” is destitute of good sense. Mercury 
gives us an arbitrary scale of temperature differing, probably, 
from every other similar scale. Air does not expand quite 
■OLniformly, if mercury is the arbitrary standard, and vice 
't^ersa. One of the fi.rst to possess clear notions on this sub- 
Joet was Lord Kelvin, who, in 1848, established the absolute 
hlrermodynamic scale of temperature,^ which is independent 

^ WuLiAM Thomson, JVoc. Cambridge Phil 8oc.^ 1848. Consult also 
Ills article “Heat In EmgcL Bril, 9th ed. For a “ Kritik des Tempera- 
turhegrifles,” see Mach, Principien d. Wdrmelehre, Leipzig, 1896, pp, 
S9-57. 


VM} A HiBTanv fir riiY^irH 

of tha partkiilar pro|H*rlii%H f»f imy piirliriilar biiIjhI.'iin*** ami-, 
tlmrefora, u iiHira miiMimUmy fiJiiiiikiiiyii fur 

thariiioiiiatry than any arhifrary It tn ipiw mif liltiniaii* 

scale of rcfnrciifc. Tho air lli«'rfnpiii«’tr‘r iiitlirafirnis 

agreeing very i^loHcIy %vif.h the al»miliitr tiii*riiiiiiiyiiaiiiir 

The propagatitiii of heat in nolitl U-ninm m-m iiivr.Hligatpii 
matheniaiiciilly by Jmq»h Fsmrirr whn piibli^inh 

in 1H22, a wiirk f'lititleti, Im Th^**rw AnalyHipw lir l*i tlnlriir, 
which not finly inark**ii an e|*«M*}i in iln* lmU*ry nf 
cal physicHj lint siiiiiwlatiai cx|if*rinieiiliil iii*|iiiry, Fmtm 
asitiinetl the rondnetivitv «»f a mhntmwp fur liriit In In* 


staiit for all liniijs»ralnrt*«. But Jmw*m I km*! Fnrkm {IWB- 
1HS8), prcifessor at Ediiiliiirgh, slioweil tlimi llii# %% m*i %m% 
that from if tci IfMf" ihi* tmmimAwtif iif irtiii fliiiiiiiii,!ii*i 
of copjs^r^ lie iwlireil at llm iiiitii* tiinif iliai 

theriB WM iiti amimpniiysng ilorriwe iit rlwBirie rfiiii.|iieli%*it,y,* 
At the tegiiifiilig of the iiiiielwiilJi rciiliiryi tliw laws nf 
psci were diligently utiirliial, Atm$mmm liiwl iirrsfeil mi an 
approiimate valim for thu cmBfliett^iil of of air tiiiiler 


otliif* Thu firm Ut iWnre lli« liiw^ m m*. mm know I 


This htM iuivi^;iti*r nf air hwmni hunHrlf :ur», Miih tl*P 
I^XpailMIilll «»f lilifl what ,I*; llir: 

law III t'liarliss’* ur ** law' nf < hiy i t-'*i 

piihlisli tiifi risHitlt?^ iiinl it %vm laily h% arri4*‘i«f that 
l«'».r||IIIC! kllfiWII til ChlV' laif^sar. < hlV- laiaHar *r*i jr'a'ai-rhi-’j ‘ar-rr- 
|nihlisti«»«l ill IHO::'.* Iff mrihulrtl tlu* waul *>t in 

f*arlii*r iixj«'*riiiir*iila In Ih*' |»r»’ariir«’ nf Ilia uwn 

filiilKiriiti'* hn| him U% ih*- rtmrln^nm tlmt m 

gf*iiitral all p%m*^h liy nf hrat* tlm :*niiiit^ 

Jmtftk liTTH |H^l| wi|^ mlnratal ni t|ir 

Thllytl*t^llllift Hr'litiiil, limisllllli U* itin r}$riiir«l 

and lnti*r pmfmmir nf rlmmiulry ai llm Tsilyli’-rlnin* Mr-jii#ih *4 
FliVsim lit llit^ Hiirlifiiiiiis ll$« j4ty.:^iral nmrmrlw-n nm mimulf 
cm tlm #x|iariiip'iii nf Tti imcrrliiiii ifi^^ iiiid 

nkctrm c;rinilitk#ii nf lli«i air in tim n|ni«ir liiraiii, and iihn* 
til iiif!ii«iirt* Itilt him* nf t.i^rrrAt..rial at urm'il rlrini’' 

Ik.ifSi, lilt ati«! Hint mr.mmlml in a w|ii«'h tiad 

riitri|»itigii ill tvgyjii. *' wiih » full 
|ili*iiii»iil Ilf ltiirwiit*l«r% llit*riiii»iiirl0r«, p|prifiiiip 

iti»ri, and ifiitftiiiirMtu fiir iimamtrtiii iiianm^iir f«rr«* iiinl 
iii|f, m wi»ll m aii4 liirila fnr 

iiSpritMi pnilwirlf’ttl «ii *j:t, |iwi| 

Tfiny b^nMt llii*if ni aii alittiidw t4 iUsm fr^^i iind 

ffiRltiiiPtil tJiriii %t* ihfi lilliliiilis nf lll/lflll hwij amt miiii a 
r#iii ‘Pniiiiimititiral** wilti llwir Tim hmi |«itt ##f ilm 

#iitijriinii, Aii«l minmMy ikm liiiiiliiig ^Irndi ilmy wn# 

iiidiihnili * * . tliat . , . llwiiifi aiimn $$t mnl 

tint lit fmrioiitl mm m* mmM 

tiy tiff tlariiii nf tlinir iki^iii, m In Iwr i timn iim mmtm 

* V4. 14, pp, , m ^ 

pp. i-ii. 
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A HiHToiiv or i’ny?»ti‘« 


pmsPHsiim of hiinw'lf."' Oav in.nlo f laHofm 

<*x(jurHion tlw yoar. Air IntiiUil at a lnif'lil of 

mcfcrpn w!w fonml to liavt* t!in wuia* roitij*t»**!itoj» a** air iii'ar 
th« Hurfaw. 

The expaiwioM «f w;w iiiventigalrd ako l>v Jnhti 

tkiUon (tTWWKI 1) of t!i»* «ri'al fmimh'r of lh« 

chemical aUniiie theory.* Hisicoitrhi-ii.im ilhl not timii. it^rcf! 
with (iay-1<UHWM'’H. The latter hiwi mIojwii that, hmiik a mw- 
(Miry theniiomctcr, the ex|«in!<io(i jeT «h*grw' i» a roinrtaiit 
friMition of tins vohiims >it .>i«iiHC arhitrary lixwl teiiijteratwre. 
Jtaltoii, (HI th(! other haiol, rhiiiiied that the ii«?reiionil of 
voIhwiis for ts;wh i*(jnal rixu of li'iHjaTalure is a rnttHlatit frac- 
tion of the volume at the lenns-ratiire inii»<*({iiitely jtrweiiitiK. 
The (iiusBtioH was ilceiilwl hy Ihiloiig atwl Petit in favimr of 
(Jay-Limaac.* The value of the coefllcicnt of exi^nMim for 
the interval from 0'^ to UMP. m lUtfi-riniiMil hy Clay-lawiiae a«4 
Dalton, was aa ileterminwl iit I fill by /tymlrik nmtimy 
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his wealth waa ahHf>rhf*fi hy thf^ cost of his expintsive' apjiara- 
tus.* IVIiwi c^f luH ri»H«*arrlif*H were? carried tia in (aHijtiiictipii 
with iiii'ii. wen* c’arried on with Petit; cithers wdtii 

•Aragci, lh*r74diuS| DeH|»reiz. Jhnri VUtor UegnauU (IHICI- 
IBTH) was prc-ifessor in Lyom, then in Paris at the Polytecitirtc 
BelwKilj and at thi;* tie FmnctK AiUir IHAI Im wm 

director of a isireidaiii manufactory at Hevreg. lie displayisl 
woiiih^rful |>atieii(!a and skill in tint estecuition of c.itreful 
ureiiii;int«. His n«siir*ric''al tallies on thit dilatation of fdiistia 
fliiirb, on the fom! of steam, on the heat of va|Kirimtioii 

of water, on tlioaperific heat of water at different teinperatnrei, 
ete., still riiiik among the best. Ihit he lat‘ki»d that crrtiativs 
wliieli eiialiles its |«isHeHSor not only to experiment hut 
to griipplff with great «|iieHtioii« of itieoretieal seienee, liiig- 
tmtdt proved Itiai all pmm do not jamsi'ms cpiite the sainit 
emfileietii of exjuifision; that, exeept for hydrogmi, it inereaiKfi 
witli the iiiiliii! presmire; tliat no gas olieys Boyle^n law 
ifxiiidly.^ 

iCegiianlPs mimtiumtin xliow^ffd that, iw tlie pressure in» 
ereiwefl, the imnltmi of the presinreiiiid vohitne, pa, diminished 
in all g^m exeepi liyilropun If Boyle^s law were followed, 
Ihii prtMliiifl wiitihl eoiisliitil. llegtiaulPs oh«i'5rvatioi4i iix- 
cifer ii eiiiii|iii.raiifely ittiall range of prtiiiiriii* That 

* WmmmBmmm^ Hi, |i* til* 
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A IMSTunv nr i'UV.Hir.s 


}w, an p (tiK'a imt iliiniui.Hli for all U-voml 

tliw raiigi*, hut nuu-hi'H a luiniiinuu, ami tln-ji imuca* ex, ;,*( m 
«:!IH(5 <»f hyiirdgf'u, wan lirM hIiowh Viy the Vuuitta j*hy =*ii iaii, 
JohttHH Awfn.it Xnth frr, ill flu- yi*ari* IK'at jKoS,* whih- In* w;w 
luiiluiivciuriiig to liiitiffy oxyg!*ii. liyilrogi'ii, ami air. For IWMity 
ywirn thia ijifcrcHting oliNi>rvatioji w.yi not jg'o 

tlm Huhji'ct waa takaii iijt hy ('milhlrt ainl lali»r i»y i\. it. 

Thu KSCiiuriinuntH of the lattor an* |«trti*nilarly iiiitrwlivu,* 
For an iii« ri*aw of ]in*H«iir«* from .'10 to .'120 ftlinosj4nTi>!*, /«? 
inurfliimm confiiiuully in liyilrogon j it fir.**! ilinijjiinln*# a Irilln 
ami than iiiiTi-iwoii in nilrfigcn (at !“,?*{•(; it (luniiiitihi^ 
greatly ami thun im-roasi'S rajiiilly in olhylinm ami mrlNitt 
dioxicii*. 'rim variationii of /«* an* vory rafinl iiaar lliw rriiitfal 
IKiint; timy are iiiorri jironoiiimwl for low toMijn-mtiiroa, 

'I’lm first iin{Nirtaiit work on tin* lii|))tff!W*tion of gaiips »a* 
jierforiiusl hy Ilia osja^riintnit#, Is'gnn in 182*1, 

ahowtfil that thn na|»ahility of ls‘iiig li«|«Hiwl wm» a fir»»prty 
common to most gases. A ls*iil glass Inis* w’as taken ; into its 
loiigur leg, which was closuil, there was mtrmlma*«l a siihstamw 
which woahl iivolvn, w!i«n hmtoil, tin* jiartimdaF gas to ls» 
tested. Tlt« shorti*r log of llio tuls* was Uicn simlt’d mj», and 
cfsilcd hy ls!ii»g jilaml in a fris**ing mixture. When tlio 
Iong«*r log was heiitw!, wml gas was general***!, the jiressort 
in tho tidst iitcroaiisl, and in itnaiiy easi*s tin* grts r«mlen»w«l 
in the shorter kg. Thus, !>y heating wsliinii hiciirkmale, car- 

* f%fr. Ann., Vol. ^ p. i^; Vol. M, p. 43#. 

• Amauat, .4b«, «r« r,Vtos«e H 4is /■»yUy««* (&>, %'ni t», IWtJ, p. 4M, 

and other arUdes In dw same {tsirnsl. Smuiiwumiw of hu miirk m 
foua# In Iksstos, ksKlon, IWI, pp., ; <hww*i.», 

I^kfh. fl Allffm. &kmk, Vol, I., I8»|, pp. Hft lW 

» :Befop8 Faraday, atvxmd fawesbud »»»» hy cerfhi* ; Mumm, 
lk|W»« siBBMwIa} Mmt* and f.’towrf, anIidmreiM »bI*I j irowAswre, 
eWorioK (In H»»)} JrrwMifre, wssiik tohydrlil*. (tre lMrw*i,», m. ««- 
Vd. I., p 8M j Mattm, Vdl, 17, la?#, p. | 7 f. 
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bciiiic: ac‘ifl gan wan which wuh liquaflcd in the sliort 

lei:, by tlii-H Faraday lH|tudif*d IL^H, IH’l, H(,b, 

Nll.i. FIj, "rhiitN'^hr ill IH'la pnidiKual in larger quantities 
liffiiiil aiul Sfdiil ('Mj. by mixing scdid (U.b with ether^ he 
iiiitaiiii‘il hiw degrees nf tiUii|n‘ratur(* [U’evicnmly undr(‘amcH,l 
iff. Nutwitlislaiidifig the rc'seandtcs of Tldloririr, of Nattercu’i 
aiitt of Fai'’i4iliiy in si»v(»ral gascB still rasistod liquefaction. 
They weri! classed, under the name of ‘‘permanent gases/^ a 
title wliifdi iiii»y birti «vf»r a <|uarim’ of a century, until 1877. 

Meaiiwliili! lif^w things were being 404(?ertained regarding the 
roiitiiiiiity of ili«* giisetuis and liquid states of matter. As 
early as 1822 (*lmrkn iMfjnkml-LntoHr (1777*-lBlil)), an engi- 
neer, later nitaelie to the 'Ministry of thfi 'Interior in Paris, 
cibserviul iliai ether, aletdio!, and wai<‘r, whim heated in her- 
meiieally sealed tubes, %vifre apparently btolly ehanged into 
viqmm oeeiipying only from two to four times the original 
¥o!iiiiie Ilf the liquid:. Iliit the discovery of the continuity of 
the Iir|iiid aiitl gaseous stntim IwdongH to Thomm Audrmm (1818- 
188fi), llie vief^jiresifieiit aiiil professor of idnunistry in the 
college Hi Iblfimi In his exjM^rimiints pressure was produead 
liy iii'?rewing up iiieretiry into a capillary tube, in which the 
gm wan liffit at tint deairiicl teiii{>erafcure. In 18(i8 he wrote: 

jiiirtiiillf 'liquefying cmrbinie iteid by pressure alone, and 
griidiially miaitig at the aamit time the tiunperature to 88^ F. 

the aiirfiiee of ctemareaiion between the liquid and 
gM lii*eaiiie fiiiiileri Iwl ii« curvature, iiiiii at last ilisappmrecl. 
Tlirt spni?i* wm llien fsstmpitd by a iioiiiogeiieous fluid, wliieh 





Tlik t" , 4t mlarli fli*- 

mill ilia i^mmniH Mtataw nf i'it| iii*^rgr *»iir ;iii<4lrr, Im,- I»-h 
cmllacl liy i\iHlri‘*wii tin* “mliral pniit/' h;i,^ it 

own oritkml ti»m|«*nitiirp. Ilrlnii" lln^ I-Ip* rail.Hiaip**' r%ih 
imrtly m ii viijmur, partly m a lo|iii«i ii tinn h iin 

true; tlie aiilmtaiiee luiiy h* tii Irmu a tn ; 

Ik|uitl without a break of miiiiipiity, ti«# iliiii it i% iiiijiotei%il>!i 
to utate wliifti it mmea In la* ii an*! In Im* a li^iuiij 

f/, £A mm dt^t Wmdn ireitbal ill** piil’*jr*1.- frniii lii*" ;f«l.niifl|i«iiiit ii 
the iitathetaiiiieid Ifirory of ga-nri*. WiUmm in li4M'i 

eoueluded tlmt **tiie eritiml wmi tn lliiil iwiint nt. itlip’li llf^ 


uc|uia ciwiiig 141 anti i-iiit pwiiin w 

miuire the niiiiie ajaritie gravity, itiwl iiiw willi 


t4) lk|iiafy tlio ** |iertiiiiiieiit gm^n *■ wm flue l#i ifie fiiitl, llial Itieir 
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iKiir hm ;i l;tl'Mir;iUiry tri Br^rlin ftir f^ipr^rimc'ntation on low 
hmimniumii, I.fiw lhi<l iiiclttHirial application ; 

for imtrnm*, m ilio piiritiratifiii of 4*lilorof<jnn. On l)ocombcr 
I.H77, at tlio muw iiiOPiing of ili<; Frcri(»h AcMlorny, it was 
annoiiiii’cd llial , wr»rkiri *4 iii<!(‘pcntltntily and l>y different 
Faillotrt and Biriei had Ih|indi.f»d oxygen. A wenVk 
later Fiiilletet- jifrft>riiies| a tif experimeniH in tlie labonir 

Itiry of the /v'oA* at. PariH in tlni prenence of leading 

Freiirli mneiiliHiM, Ife then and there iitptefied hydrogen, nitro- 
Men* anti iiir. The .^ame. reHnlt was aedaeved by IHctet. 
railli*t.et'f4 |ir«w»eM,s eotiHiHlH in eoiiipn'.HHtng tin* gas inb) a small 
tube* rooliiig ft, and l.|ien snddeiily allowing it to expand by 
removal of flirt j#rf*?i»iire. Thin iimt.anlainaniH i^xpanBioii of the 
raiiKen wirh a low rli'^gree of <*old that a large portion of 
tin* gan m rf.iiiilm'isir*l tribr a idnnd of viijMiur. In c*ase of oxygen 
fill* of the wm rmlmted to — 2iF(h by the 

iij'ipliriiiiriii rif ^itlphoroinv aeid. I1ie prcmsnre wan 300 atm os- 
jiiiifre.ii. 1lte Hiidfleii expiin«ion probalily lowered tbe tem- 
fieratiire m iriiirli m Fietet tmed more elaborate 

(mmimii iKhiKMl fmnes), and obtained the 

fiiinieiiiefl %mm on a larger aeitle. The low iemparatnres 
were uhimmnt tm lliii priiieiple of evinMiraticm. k 'varninm 
{iiifiip mdlliiirew froni alnlie the vaiaittr above lirpnd siilphnrons 
ifdil; llirt vaiMiiir wiyi ihen iif|iiefte«I, eoolitdi and returned to 
the iiikt, Tliim a roifi|ilitle eirmdaticin was iriaintairiecL In 
this way llie imqmmMm of lliii lit|iiid fell to about «- 7Cf (1 
Within ttiii liiln* wm ancitlier iliiitner t4ibe eontaining liquid 
twkmi*’ aeiil. The objimt of the former Mciiiid was to keep 
the laltar $imL Thm earl'miiie aeid wan let Into another tebe^ 
whiffi it# toiinafriluw wi« imltteeil by evaiioratioti, brought 

* A lifif ipirt li apimratw^ will U fottai ia Mrnmn^ 

y#L ii» p* m% 
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A HISTOFiV OF PHVSIOK 


about as before bj a va<‘uuin to 14ir’ (\ T!ir^ ■vafMu.ir 

of (JOg was condensed by tlie Hulphurons aeiti. Hiuh by roiip 
pression, liquefaction, and (exhaustion, there was a rireiilaliiiii 
of GOg like that of sulplmrouH aefd. A tube e=o!itairiing oxygen 
passed iuHide the tube of HoIidifi(»d (Mb at » 1 Ttie 
oxygen was geiKjratcui by luxating elih^rate of |H»iash in a i^lroiig 
shell at one (uid of the last-iiuuitioned tul>e. The (ithi*r of 
that tube was furniHhed with a stop-cuK'k. The (oxygen %vm enin 
doused in the tubes by the comhinod action of its own preiiure 
of several hundred atmospheres and tin* intense ('oliL (hi opin- 
ing the stop-cock a sinall stream of cjxygeit es(*apeil In iti 
central portion it was wliite, indiiutting the licjiiid or solid roll* 
dition. In case of hydrogcm, the escaping stream wu.iii strid-liliii. 

In larger quantities tlie three gases, oxygen, niirogi»ii« aiwl 
hydrogen, have been liqru^fied by iSignmnd n Wmhimmki (mill- 
1888) and Karl Olmmmki of the. f Ini versify of Griif’'om" in 
AuBtriarllungary, and by Jamm Ikmar <»f the Kciyiil Iniiiilio 
tion in London. Their apparatim is based mi the ginteriil 
principle of that designed by I’ictc^t, only it liiw friiiiid 
better to use other liquids, like ethylene or oxygen. Oh^wikt 
determined critical points, lKHling-|Miintji| frwriiigqwiiit#, 
and densities. Ha found boilirig-jwiints m follows: oxygrii, 
-182.7^ (I; argon, -^187% nitrogen, -*-1114.4^ liyilrogni, 
—243,5^ Freezing-points : argon, ■— niirogrti, — 214*".* 
Janies Dewar suecaeded in 1808 in obtaining lic|iiiil liyilrtigrii 
in larger quantitiois (half a wine glisi), and iis lif|iirfyiiig 
helium. In 1801 he announced tliat liquid oxygen and liquid 
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Hiirli a rale ilial, if the raUi ih ko{>t up iu the lower tenipera- 
liet yet reaeheth it will vaiiinh at the almolutc zero. 

The Ktiiily tT |»h»*uoiii(‘na of iunit led to a bettor compre- 
hi*ii,Hiriii «>f iiii'iefirulogieal pleuioiuena. At one time it was 
tliiii dvw fVdl from tie* Hturn, or, at any rate, from 
gri*at Tie* tlrnt Hriiuiiiiie stiuly <jf the formation of 

di‘W wm madi* liy flit* Loiit|i»n phynicuan, William (Jharks Wdh 
I I75T 1HI7), amt the renultH published in his Enmy on Dmjo^ 
IHM. ill ii tdrar, quiet night, the grass radiates heat into 
free spirt*, whentut im hi*at reiunis. Being a poor conductor, 
the lower jiarls of the grass reet*ive liititt h(‘at from the earth. 
Tlie grass rools ami vapour tsuidmises upon it. (food con- 
dueiors, likt? imdalH, reei‘ive ht*at. from surrounding bodies, 
and, therefore, art* imt eoveretl with tlcw. A„ cloudy sky 
hinders tlie foriiialioii tif ihm hy returning the radiated heat. 
Wiiiib ari^ iiiifavfiiirahle, la^c^aUHit tln^y carry heat to the cool- 
ing ohjiHi-ii. Wells supjiosetl that ctiily a very small part of 
the dew tli^jMisitfsi mmwH from vapour rising from the earth 
nr l!ii* cvajMtraiioii from pliinis. Itccent investigations by 
Btvitjtky'* iiiitl liavc shown that Wells underesti- 

iiiah-*d. |}if» ifilc |i!iiyf*d by kith the eartli and the plant. The 
vii|M#itr li» lieeri slifiwii hy eipriiiiffiit to come largely from the 
earth k*iiralli* iiiwi not from the air ll.k^ve. This is contrary 
to lliii eifiiiMKitily r#if**»ivi*4l view. 

‘Hifw itifiiriiiaiiiiii lia* iitim obtained in recent years on the 
fiirtiiafhiii of mill ami fug, whicdi has hardly yet found its way 
iiit# $4mmiimy tM%Umikn. It hm Imicii shown liy (hulkti 
E. and i*i|ieeiiiily by *hhn that in the de- 

^ mf rtr Mftmf* AVic,, Aprth IHOL 

s mrnf^, Viii. 4b tmi, lift iiiMhi. 

» MtMmr/mmkfr, i«I§* |i. 400 ; J*mrmt d€ Pharmmk €t ds CMmU 
C4|, V«i |i. Mmtmrr, Vul. ^11, mi, P* «h17, 

♦ ful p. Wl I Vwi 41, p. ; fob 44, Hit, p. m j Vol 

4fi, p, Vf4 If, mm, p, m4. 
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of (oi^n uml rlfiiidn, tin* prrf4f’iiri« nf flii:iif, in 
Tliiit in, ** wlif‘iirvi*r wiiti*r ^aipoiir in tlir iitiiif..»ii|i!n*ri% 

it lilwayn m.M*« uw'h*nHi*^ jiart.irlrH.< in 

airara iiiu'lin «iii wliit'lt va]«iiir rpiali^imrM ; fnr iIiimI 'in* 

nhnultl liavf* ito fugn, tm no lai^ln, aipl prohiMy no ram. 

(Jity fdp ari! iliia t.f.» ilin-it. It ih noi. trw^ ilml tliifii in nlwiijs 
almcjlut 4 !ly f«ir ; ll iiiity Iw* 

brought akiat by tin* prinniaipp- *4 liyilr<ir|iliirii% «iil|4iiirii'% tir 
nitric? iMJiiisi or by vary liigb tlogrorM «»f YpI 

tlm C!«nclitiona in tfm uiimmplu^to nro tliiif, fur 

diwtj wo rtiiilil barilly liiivo raim A it bon n diiit 

Piiuny^r; bo ininlit obniTViitioim in Ei$glnii4 iiini in 

HwiizarlaiicL By «ibfcprvatioii« mi llio' lligi Im 
wliPiiovrr ai olmicl m furnipc'b ii at tinn* fti raiii, iiiifl tlifi 

unnill clrojm fall inln tbo ilfit*r air ninirriipalli* wliprr lln^y arti 
ava|M.irateib tin? cliataii<*P f-n airiidi llioy will fall flp|i«>»iiftiiig iiii 
tlnnr tflrat iiinl ihi* itryiii*^f« of iIp’ air.’* 

On« «if tlm oarliriit rrtairiloii mi llic^ lioaliiig mill 

ecKiIing of a gim, by mmdomiiium iwnl ritrpfiM*ilfiin 
wa« iiiiwlo by m wnrkiaiift in a Frpii«*!t gtiii fiiriiiry, wlin igrtiloit 
tinclisr liy iaini|iricaiititii of air. Ati maaiiint nf l.lttpi 
wai »«nt til l*ar!» liy jifi»ff»n«tir iii Tint giili|«4 

waj t!iin*fiilly fciaiiiiiwtl liy iis |i#Mb rpipl 

a lliii liiiitl aint mlfl tiy iliii. niitdianiral 

aniiikniiitei and ransfiMiiitni nf nir,*** 

Tlt« Ilf tttf*rt«nclyfiiyidrii liml il« nrigiii in 

ill diirrisiiiitt inaltiiinatiriilly littw iiiiinli wnrl run i» 
tnti Ilf a Tliti liwl tii llm wm givpii by 

Mimdm IMmml &mU C\mmt ClTfiH^Tib wh% ki IWI, |iii}i* 
Itiliial liii HSJlmhm $mr lu pukm$$m tinfrlifr iln Uartiiit 

^ Ili^ p, 

* Iit|irlatwl ill lit iMm^t Mmmn S7 «# iitgiWi 

iattett by E, Ii tmummiu la 
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tin* ion of oyolio ciporations, in wliich a 

Wfirkiiii^ aflor a mTioH of ohangoHj in broiiglit batsk fco 

itH initial lit* ulmi advunootl iiio priiicnplo of rovers- 

iliility* by wbirli I bo boat may bo taken from the condenser 
ami rcHloroil to the aonrec by flu* expenditure of lui equal 
i|ii;tiitify of work. AsHiniung pcrpt^tual motion to be imposBi- 
ii|r% Ic' fhai no migine ean have a greater eflieiejicy 

tbaii a reverHibb* i'uigine. At tins time (birnotwas an adherent 
of the caloric tli<»ory ; he ladii’vcfl in the dca^trine of the com 
Hcrviitioii of ciiloric; la* compared the motivci power of heat 
willi that of hilling water. Both, he says, liave a niaxiinurn 
p-ower, in oin» casiq of the nuudiine tipou which 

the water acls, ami, in the olhi'r cjom, of the nature of tlie 
milmtama* receiving the I»*ai. The imitive power of water de- 
inunlii tU'Miti the aimiiint of water and the height through which 
it hills; tli«^ iiinfivc jwiwcrof heat dcisuids upon the quantity 
fit caloric- ami iht* diileretici^ in ieinpttratiire laitween the source 
and the rci*ci%^er. Hut some years lakw C.larnot became con- 
nt the fiilaily of the ciilorie theory. His later writings, 
m^liicli liaiat rciiiaiiteil nniitthlishefl until recent times, prove 
iliiit Ilf* witu fiiiully jawstiaflitd of the truth of the dynamical 
llicory of heiii. More than, this, he had gnmped the law of 
llic roii*4i*rviilifiii of energy. ** Motive |«>wer is in quantity in- 
viiriiilile III iiatiire ; it i% correidly sismking, newer cither pro- 
filired nr dentroyeiL’’ 

Thniigli the iiiijitirtoiii^of Bartioi’i work of 1824 was empha- 
fikeil }#y tk it a* it fliil not meet with general 

rrrogiiilioti iittlil il was hrotight forward by WUlUm Thomson^ 
who jsiiiit#*il oiit l3te of iiicMlifying (hirnot^i reaiioniag 

sit m til hfiiig it isitci »^rd with the new tlmory of heat In 
IH'W Tliiiiiiwit iltowid tlial €arncit% priiiciple of cyclic trani- 
foriiiii intis limili to the mmmpikm of an alwolule tlierinoily iiamie 
m%h of toiii|Miraliira In he piihlished ^^an account of 
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ilipury f»f iht* iihiIivi* |if»ivrr r»f m-’iili iniini^rir^ 

ri»Hiill!i flr!iliif»i*fl fri>!ii In ¥«^htumj^ 

IHIiOi I r'i«|'iifpiiii|r;ilrii In fiir* }ln% 

liii Aaulniiiy Ji l»ii|«*r mii iIp’ '-niiw^ ip|}*l»‘ri, i«%‘liir:li i’*iiii,;iiiiii ||j|, 

hiw id ilii*ri«*M|yii.iiPir« ■ ** iir:il i»f 

itecdf, piii-iH friiiii a I'ldili’r tn a i''l^Anmnn wm 

at thin iiiiif* prpffin#*»r in KiUirli ; latrr li«» tn Wnttlmru, 

atal, aftrr iHlitl* w;yi at llniiii. H«’ iii* ^*r**at «*i|»i*f$liiriili^r* 
liut ri«iki*«l %’i*ry liii^li a umthruuiUrid In ifift 

aiwaii mc»tiili f»f Fidintary* IHPd'K WtHmm J^kn J|. ihmkiim. 
(.lB2IF4Hri|, jiriifrnmir id aial m tl\m- 

gaw, r«*iiil bdiira ihi^ Unyal iif ii. |iiijii(''‘r in 

w}ii(*li }ifj dmdiirnn liaat Ut vummi in lii«^ riiliili«'iiiiil iinillwti nf 
itailai'iilim, itiiii iirriv-rn iinlnpatiniilly lit ilir 

rnmdiiiil {iri^viiiiiiily }iy Cdnin^ia#* ll«t iimm iinl fiii*iiti«ii lliii 
mitaaiil I 11 .W nf thi»ritii,wlyiii.yiiir-#, Imi in 11 fiiit«i4«tji|piii j«|j«tr }§« 
tliiit it rail fri»fn winiiliwii* nmiMmml itt 

hin im|w!r. Ilia prwif nf ilii* Mmmmi ia nni friM* fitini 
ohjiieiiaiia. In Mari*li, tBfil, iHija*iiita} ii |iisfs«»r liy *Wiliimiii 
T’homanii wliinlt riintaiiiad a rigmmim j$m»f mf tit# 

Sf»0on(l laitr* III* nlitiitin^ it ladrir# tin Imtl mnm tli« 
of Ctlaiiiiiii. Tlwi nt iliia law, m liy f 1iiii*iii% 

ha» taain niiiid* nrilbianil, imrtriilafly if Itunltiiin Tk^mhr 

Wum'i^ J\ (L TmHf iial Ttdmr idfiiil* In 


tuft liini to mf at tmmm. 11# m^mrnk lifai|y»iil|i nf «ii urn 
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Th« (irKi law of ihcniHMlynamioH is iiwroly the ajijiliaation 
iif the i<rinfi|i!«‘ of the «'fmsi*rviiti«n of <5ri«rgy t(> lufafroffeote. 
ThiH in tin* groiileHt gfiH-riiliziition in pliyHicsH of the 

niiiciofiifh fontnry. Itn hintory is romarkahlo from various 
points of view. Several thi!ik«tr.H arrived at this great truth 
at aliout the same, time; and, at fir.st, all <jf them wen? either 
met, with a very eohl reeeption or vvi-re tiomple.toly ignored, 
'fhe prineijdo of the {•oiiHervation of (snergy wjis estsiblislmd 
hy the Heilhronn pliysie.ian, Uolstrl Mayer, and agaii» indojten- 
dently hy Ludwig Angimt (lolding of (Jopenhugeii, Joule in 
England, and Heliulioltz in (Jerniaiiy. 

H'lfM’rt .l/uyer (IHI 1--18TH) wjis Vsirn in Heilhronn. In the 
gyiiiiiasiiiiu and the theological sehmil ho gave no ovidetuse 
of great inhfllwtnal {lower. In 1HJ2 he entered ujion the 
stmly of iiuHliciw* at Tuhingeii, and in IS.'IK iMigaii to practise, 
hut h« never found the work of a pnujtising {ihysician agree- 
ahh‘ to hi.s fasten. He travelled considerably and engaged in 
the study of physiology. An ohstsrvation nmtlo in 1H40, on the 
hhasl of a jBitieiit iti a tra{iii:al dimato, was the origin of his 
sidentifie writings. It hd him tf> the study of those physical 
fim^es OH which the {ihenoraena of vitality depend. Thus, 
ho was !«I from the contemplation of organic nature to the 
prei«iratioii of a pa|str, “On the Forces of Inorganic Nature,” 
lli42. It was refuswl jaiWicatlon in Ptiggmdozf's Anncden, 
hut was accepted hy Miff for the May number of his 
dHBorfea. It attracted no attention, though containing the 
great principle that the energy of the world is constant. A 
swjond i»{)#r, IW, cottid be published only at his own 
cxpeinm. ri<wer,d other iMt-lters were {mblished later.' The 
foltowiDg stoiy, wJateil by Mach, shows Mayer’s alertness of 

» 8b# a. 3. WstsatwM. Boftert Mayer, Stuttgart, IttOO. Oonsnlt also 
WavaaifcB, iMe Meehmii der mrm pan IIobk«t Mavku, M ed., 1808| 
Wat lutfOM, MMmm iMriften sad Artrfe non Uabert stayer, 1808, 
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iitiiiil:* ** 1 hiring II hisrrit’*l ^ liriq* 

fMirr*, riiimrktnU wilh n riilli^T if 

Miiyftt’ii tliwiry wi»iT r«rr«^'i’h lu i ^ -li ik- 

ing. Miiynr riiil iim'iiV willpnil n %\^n4 %4 a ]•"} . > * : 4 ', 4*1 kn 
lat.nr . * . Ill* rn?«li<^*.| iiit«» lii*-* j^tr •* ip» » -4 : : * lln 

iit'Iifc m»!' (It iM il i» U man i4i]\ ^4i 1 ililt* 

e%|»liii«iH*tii tlial «l*41y f»»nip! t»iii wh^i \lAyt 4 ).*^ 

Till* iiiiinl of lioliPi’t b^^iuip* 'ruMH 4 } i |i\ tin* 

liM'k «f ii|iiiriT-iiiti«ii i4 lim i4m^, 1^3 r<4itr«M liii 

riglitH fif |iHnriU% wpII ;yi liy tin* 4 * 4 ^tl 4 »4 hi. f'!ii!» 

cireri. iht Miiy 2 K, IH-Iih li*' mm# 

liy jiiiii| 4 !ig frniii U urTOiitl'-itoiy t 

rmivnry, !ti* wrob 11 ji»ij«*r im fin* i«r« h;i!ii* ji! nf 

Iniit. Ill IHfil lift Wim jiliirril in iiii ih^;iip .ilt^ir lif 

wm rriin!!|' tr«*iif«^sL In ||p m:%A li»^% Ir.it In- 
iigiiiii ri*g;iifi«il miiiiilHr iiirnla! p«|iiilihipiin hi KfH n fi»v 
voirng \tpm !ti*artl in Clrrinaiiy iti *4 M I*.,! ih* um 

trim iliii Illicit t« tiring liiiii liinitirirnl jii%tirr tyinitli, 

wlin ill 1I4II2 lr^tisrn4 b»f»rn llm Iltiy;il Iii%i.tnfi4sii tin Ifi4ii*rl 
Miij’t^r itii«i iil»n traii^lalf^l mmmtl «*! %hip^t*4 pqt* m IVifIniiti 
Tfwiiwiiii iiiifiTfith j4»i4iii m miirli 

r«t*iirnlifi, tirfiiiglil llm ntiiirgtt tlial Tyiniill ^ n lirliiilinii ilm 
wiirl Ilf •Iiiiili*.* 

/##w# (lili-liifl| wii# biiif iif tPif 

Matti4ii##r, wti«w li« wwi lilt! |ir»|»rini4ir *4 11 lifi'firfy. 

Ai an iiirly hm t«gmg#4 in i#ritniiiii||iiniis' fmmrt'liw. 
Afbr klKirimii l«iti In iiitiw«ilf*4 iti ^Piwint tliiil fliiiiiii 
thtrt wii» »n »li^»r|4ii#ti f*f !ir«i n?|iiiviilwit 
to llifi linai t%*i>lvwl diirittg lli* urigiimt rf*iiiliiiiiitf<iii f»f flit 

* »*fl« tti« l*i#i phfwk %' fit lfif«fiii«w iini 

Mirnim, Viii i, 1 ^, p. 111. 

m ” fe| 111 i%il 

ilttly, l»4. 
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tlir* rriiii|smiiiil liinly, lli.» «t4idif!il ilii* rcdaiioiiH 
aiiil Rltd WIIH 

Inl in tlii* grr^'ii *'»f tlp^ vali^rii af 

Ill a jaj<#*r r#*:pl liidnr** ilu* Hritiiili Aumw'iaiifai, in 184*1^ 
111* liavi* I III* iiiiiiilirr m -IfW) FrinndH whn 

lip* iii iln’ yminn brt^wnr |H»rsmict«fd him 

In lii’riiiiif* a -r’ari*:|i4.'if«* fm itm nf miinritl jdii- 

ItiHiipliy al Hi. Aii4ri*%%ai, Hia>t4am!, lint liin Hlli^lifc immmal 
ilpfnriiiity tt'ai4 Jill tii ifi*’ i\y«m nf ntm nf ihii identorUt 

and lip did lail rri^»n%a‘ thi* a|i|iiiinimpiii. Ifn rimiaiiiwl a 
lirrwpr, liiii riiiiiiiiiinl fadt’itlilin nminutdi ihrcniglunit Ufa 
III Ai.»rili IHIT* gaaat ji |M>|iiiliir Inaiiirii in M' ly mlingfciir, 

iir.^1 fill! iiiii! idwar P5C|aMiib!i id thii nnivmml 
nf that jiriiiiij*!** mm aalliid imergy/** Th.a 
Imil |irp.i4:?4 wiiiitii ml liml !ii4%a! imlhtiig t4i clc» with it Ona 
|iiijii*r ndiiw’d in gifit i^vpii II iinfemii of it; tint 3kimhmtM 
(IfitiriVr* iiflvr loiig rl«4^il#% iniblijitiitil tlm iwIcIwhii in full. In 
ffiitif% 1817, l!if? milijrrt wits |iruiiiU'iU*4 ludoru tint British 
iiiwding ml OifuriL Tliu iltitiriiiiiii suggestel 
lliat till* iiiilliuf Im- liritf; m* «liitiwi»iuti wa» inviiaci In a 
iiiiiiiwiil tli« muiiilit Imtfi on to othor matters 

willioiil giving llir» nmw kkm my ooiiiidimfckmi **i:f a young 
mmi loiil not riwui in llw swiltoit mA By his intelligent 
iitifi,rfVfilifiiiii rri-airil a lively iittertifc in llni new lliiiory. The 
yiiiiiig iiimii wm Wiiliiiiw thmmm*^ The result wm that the 
isiis-r riiisnetl ii seiiaalion | *fo«le had altrmrteil tlii atteii- 
tiiiii of snofitilie iiieti. After thii tiitetiiig tioitli and Thoiiiion 
ilmmmml ihe iiilijerl fiirttwr, anil Itie latter ^^otiteintcl ideas 
he liiiii firvpr liiwl tsdmre/^ while llirmigli Itini tfanl© hwd for 
Ilio lir^l time iif f *arwit% 

* A, rnmm is »mim, llii, p, iit. W« »§ makitig 

rndrnmtmw, %m «f Ihto tfftel#, rnmm, wm 

If Ii pr|riiif#‘fl III 

« Aniiif#* If, lif«, p. m» . 
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A HISTOIiY OF PHYSICS 


Joule experimented on the mechanical equivalent of heat 
for about forty years. By magneto-electric currents he got, 
in 1843, the value of 460 kilogramme-metres as the equivalent 
of the large French calorie. By the friction of water in 
tubes, he got 424.9 ; by the compression of air, in 1845, 443.8 ; 
by the friction of water he got, in 1845, 488.3 ; in 1847, 428.9 ; 
in 1850, 423.9 ; in 1878, 423.9.' 

The mechanical equivalent of heat is such an important 
constant in nature that several physicists since Joule have 
thought it desirable to redetermine it. One of the most 
accurate determinations was made in 1879 l^y Henry A. Row- 
land of Baltimore.® The part of the work which received 
greater attention than Joule had given it, was the subject of 
themometry. Joule used mercury thermometers. Eowland, 
for convenience, used a mercury thermometer too, but com- 
pared it with an air thermometer and then reduced his data 
to the absolute scale. Eowland paid attention also to varia- 
tions in the specific heat of water for different temperatures. 
Starting with the water at different temperatures, he obtained 
by friction of water in a calorimeter different values for the 
mechanical equivalent. This variation in the values he at- 
tributed to changes in the specific heat of water. The latter 
was found by him to reach a minimum at 30** C. More 
recently the mechanical equivalent of heat has been measured 
by D^Arsonval, Miculescu, E. H. Griffiths, and others. Joule*s 
estimate of this constant haa been raised somewhat by tiie 
later determinations.® 

The same year, 1847, in which Joule announced his views 

1 Consult The Sdentific Papm ofJamm Fr$$mU JmU, In two volumes, 
London, 1884 ; N'ature^ Vol. 48, 1890, p. 11^. 

2 Froc, of the Am. Amd. of Arte and Bdencee^ N. S., VoL 7, 1880. 

8 Consult E. H, Oeiffiths in Bcimm Propre##, VoL 1, 1804, p. 127 1 
Johm MopMm Cireularif 1808, No. ISO. 
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fill r**a*l ily* FliyHicni! Hoeiety in 

lliTliii a |»»i|ii»r nn ili»^ .hnfiH* Hvrmunn mni Hebukdtz 

■I IKl'l -IHtMi w;i‘4 iKirii nf FiitHdiun* Hindirnl riin(licnn0 in Ilerliu, 
lrr;i»ip ;it tin*, rlntrily hnspititl l,h{»ry, tlnni military 

surg**tjii ill Fill -HI lam ilHiri IIIITl, tiwlmr nf arnitcjiriy lit Ikir- 

liii, nf |»!iy^ttili>iiy Hi Hfmigi4i«:*rg, hiii»rai Hnnn iirul flnidellBrg 
(iKfili -IHTl I. In IH71 lin ihiM'Iiftir of pliyains at tlie 

|Iiiiv«*ri4i!y nf i-k*rlim Ifi^ jMimmunil iiii intolleit of axtraor- 
fliiiisrj |■♦rl*ll4l!l iiii*I 4f*j4li. liii wii» nf iliti first mnk as a 
liliysifiliigifit , j4iysit*bt, anil m a iiiitthcutmfciclaiL A, fcBw 
ypiiw iign W. K. ilifforrl, in liin ariifly ** Hinging and Tliiiik- 
iiig/’ s|M#ki* nf liiiri 1114 fnltfiws ; ** In tlii^ fimt placa,^ ho began by 
utitilyirig i4iy.Hif»lfig>% ilis.wtittg tlinryeiiml thenar, and firul- 
iitg niii li«w tiny anteil, ainl riiiit %vm their preeiBO eonstitii- 
linn; bill In'" h'-iiiiid llimi it mm ittijmsMibla kiMtiuly the proper 
nwtinii of iJif* lyii mml mir niiulying alao the nature of 

light and funiiui wtiirli leil htiti In the itiidy of pIiygieB, He 
biMl alrriiily tic’»i*oriio one of flte nm»t a<*4mtiripliB}iod pliyaielo- 
Ilf iliti ronttiry wltett he rfimnieneeil the ntncly of phyBbs, 
iwnl lit i'fi licw one of the greatoii pliy«kdit« of this eenturj. 
Hi* ilion fiiiiiifl it wm impiiiiiiblfi to utiidj phynieB without 
krtowiiif aisfl iireririlingly be took to studying 

mahnmltm atul lie t« now mm\ of the most tecomplished 
unllirtimliriaw of tfii« eanliiryF* 

II i» fenioiw piipr on tntifcW. Die Erlialfcumg der 

Emttr * wti irti tlw y ontti. of iweiily-*iix, read before fchi^ Dhyiieal 
Hisdily of llerliii in IIMf» wm tl first looked as a fan- 
la«iic ij^iililloit, The eflitor of Anmdm^f .v^lm 

ill iwn Ifayert i^inr^ rejecitiid Helndioltfs alio. 

Ab iloiile li«il la^ti itipfiorkifl by William Tlioiaion^ ao 

» itt Mkm. , fin, I. la Noto I llilitthote eattlaes 

ml to mw pris«ipte «f 

#' 
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Helmholtz was defended by his fellow-student Du Bois- 
Eeymond and by the mathematician (1 (h J. Jacobi. Helm- 
holtz^s paper was published in pamphlet form in 1847. For 
a time it attracted little notice, but in 1858 it was vigorously 
attacked by Clausius. Later it 8ul>jected its author to viru- 
lent attacks from Eugen Karl Duliring and others, who ac- 
cused him of being a dishonest l>orrower from his forerunner, 
Eobert Mayer.^ In 1847 Helmholtz, like Jotilc, had not 
heard of Eobert Mayer, but later he cheerfully acknowledged 
Mayer’s priority. 

By the word Krafts used by Mayer and Helmholtz, we must 
understand energif. For a time great confusion existed in 
text-books between the terms and ^‘energy.’’ The 

two terms were frequently used synonymously and continue 
to be so used by some psychological writers. Tlie use of the 
word energy” to denote the quantity of work which a 
material system can do was introduced by Thomas Young in 
Lecture VIII. of his Natural PhiloBophy. With Inm it desig- 
nated mv^j Lord Kelvin in 1840 used it for The 

expression ^^conservation of energy” is due to Eankine.* 

1 Physical Bemew, Vol. 2, 1804, p. 224. 

a Students desiring more detailed information on heat may consult, 
besides Rosbnbeeokb, FogobkookI'f, and IIisLrErt, Mach, PrineipUn 
der Warmelehrcj Leipzig, 1896 ; Okoko Hkcm, Iskra vm flar EmryU 
historischrkfitisch EntwickeUj Lfflpzig, IBS7 ; M. I>e«aiws, Mappmt 
sur les progrU de la tMorie la ehaleur^ l»ari«, 1888 ; M. Bsetw, 
Rapport swr Us progr^ de la thermodynamiqm m Paris, 1867 j 

Joseph Pevblino, ^esch, d. €lmetze van d, Erhaltung d. MedsHe uid 
EmrgUf Aachen, 1891. 
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ELEr^TIliriTY AND MAGNETmM 

E!e*lric'ii.i priigri*H,«, Im4.Ii ihiHir<!ii<;al and pnniUeal, has been 
riipiil tliai tliiM hm 'hei*n ealleti the age of elac4a*ieiiy» 

Alier till! liiwiiviny of vnmmt eleetrieifcj by (iiilvani atnl 
tlif* eiiiiHtriiiiiiiii of the vtiltaie pile, (JarliMie and Nichokcni 
cli»eniii|«ii4CMl water by loie ptemtur mrrmtH. This feat caimed 
great In Hti|iii*niber, IK(K>, Johann Wilhdm JtiUer 

of Hileiiin, iinnniinec^d that ha had Kueeeedad in 
ecillift4.iiig ilie iivo y^mm neparatidy and that caippc^r could be 
precipitate*! friiiit l*tin* vita’iol * 

Nif iinmphrii Dnei/ (I7TH-IH29) wan among the early 
workem in tliin line. While a janir lK»y, Davy attained 
niik#ricty fnr luniig foinl of chimii<ml eKpfuninentB.’^ After 
nerving ii?i in ilie fhienmatie IttHiituticm at .BriBtol, 

III* ill IlibI lM*i!iiiiie lecturer in cdiemiiitry at the Royal limti- 
ttitinii ill .Loiifloii, Hb lecltireg delighted the faHhionable 
iiiifliinieeit, Hnifl C*f.ileridge, go to Davy’g lecturer to in- 
■ereage my glnek cif iiielajiliorg,^’ It lia« IwMUi mid that, if 
Davy liml ti«il lMi«i um of the first cheinisti, he would have , 
hum iiiiis of tlic firsl pmXm of hm aged 

Duty sfsowed tliiii in tfiii dectotiiiamition of water, the volume 



216 


A HISTORY OF PHYSICS 



1822). In his boyhood Grothuss was forbidden the study of 
chemistry, but later he pursued scientifu! e()ursc*H at Lcdpzig, 
Paris (at the Polytechnic School), and Na|)les. A fter I BOB 
he lived on his estate in Lithaiien, Prussia, giving his leisure 
time to chemical research. During his last years he suffc^red 
intensely from some organic trouble which finally drove him 

to suicide. I le m best 
known by his paper, 
first p'ublished at 
Rome in IBOd, wlien 
he was only twenty 
years old, ^^M4moire 
sur la decomposition 
de Faau et des corps, 
qii^dle tient en dis- 
solution, A Paidi clfi 
P'dlectriciy gal van- 

iqucF^^ Inac|tmntity 
of water (Fig. 14), composed of oxygen (marked — ) and Ityclro- 
gen (marked +), electric polarity manifests itself as soon as an 
electric current is established in the water. All oxygen atoms 
in the path of the current receive a tendency to inov© toward 
the positive pole, while all hydrogen atoms in the same patli 
tend toward the negative pole. Consequently, if the inoleetili 
oh gives off its oxygen o to the positive wire, then the hydrogen 
h soon gets oxidized by the arrival of another oxygen atom 
whose hydrogen combines with r, etc. The same action, in 
the opposite sense, occurs in the molecule QP. Thus, thtr© ig 
a progressive alternate separation and union of atoms, Tliat 
such separation and reeolabination should go on, without the 

1 Reprinted in 1806. in Anmks de Ohimie, VoL §8, pp. M«74. A Otr* 

man translation in foil is gdven in Mlektrmkmie* L®ioxl& 

pp. 309-S16. » r t 





Fig. 14. 
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i#f -wiirk, in rt^iiimry io ilw lawn of oiicrgy. As 
It. i'lir’ruy in a rtiiidiiioit of ivni t'aiuiot cd‘ ikolf 
k'l'iiiiio artivr; a hIiiiio lying <m t!u^ groiuitl oannot of itsolf 
ri.w* itipl llion fall again. UroiluiHH HupjKMocl at the 

iiif*isieiit of the BOgrogateil ajj|H'araiiie<? of ilie hyclrogtni ami 
oxf llp*r*? |»laoi» a fliviHion of their natural eleetrieity, 

esllier liy their nr liy mutual fric.iiou, ho that the forimm 

the ilie latter the negative <;onditi(>n.’* On 

tlii» |M.iiiil till* firnl (iifferenres t#f opinion arone. Modified 
liypotlieneM Were suggested hy //. f/. Mmjmtn of Berlin, by the 
Hweile J«}m $hm*h ik^rzplinH (I779-4B4H), and hy 

Arihur dr in fiirt (lHD1-IH7*i) of (leneva. Ah to the 
iiieeliaiiisiii nf elert4‘ii!ytie eo»dm*tion, the inoleinilar (thain of 
WiiiM liiiwlilied Hoini'wliat by Faradat/ mul W, IliMorf 
(iMirii priifeimir iif phyiiiim at MlliriHter. Bat tlie first 

rinlieitl itifMiiiiriiliiiii of Clrotliiws’js theory was made by (Jlausias 
ifi 1 He iirgiif*tt lltiti, iwa-onliiig to tlie eleetroly ti(*. theories 
llieii lieliii liie K. M, F, first turns the moleeules, ho that the 
iiiiii fiM'e lliti kalliiKle and the negative ions the anode, 
ittiil llieii jiiillii liniiiiiltfr the iorm whieli were previously firmly 
iiiiilifil in tilt* ifiiilteiile., Hciw, tot atiparate these ions raquirea 
14 ftirett of diffiiiitji intensity* Henee, if the eletttrolytie fore# 
ludiiig fliii iotiii m lm$ than the attriudion bntwiMm tlm 
itrtsii ftiere riiii In* no w*g?tgatioii whatever; if this foree 
iiirmwei* iiiiiiiy iiiolfteiiks will lie broken up at onee* This is 
lartitmry to furl* Ex|M*rii«eiit shows that the weakest K. M'. F. 
mmm and that tliii sastion is proportional to 

the Ifiteiiiily of tlii ciiirreiil.. To reitiove this difflculty, 
L1aii«iw mmmmt tfial the iotm are not iiariiianeritly iiiiited 
With eiidi Ollier ; that |itii of llieiit exist in the liquid in an 
liiiwintiiiieil itmte waiidiirinf atioiit seeking parttiifi* The 

» 1^. VoL 101, p* m. 
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tleetromciiivft forw c»f llir mirrmi u|^oii flir.r 

Som® id ill® i«ii« bii*^ fr**** f^» lu-.th* 'f riuirnl 

ewi iw:t. Tlim i-f 4^ .■•«*r;:i!|Mii in 

ax|ilMn TIiih i%,i, im^liiint 

by fi. C^iiirieAr uf I!t4di4b*r^ ilr*^ Iifii;i4tp4i 

of WII8. It iifi«*4 V#y E KnMmnmk tlm^ru IHIh, 

|TOf««»rir at Hlriw^btirii, HrhuhAtEfi ,or ;if ilif* 

Rebhftatmtalt in lii*rliii| P%plmn ImIm «! i]«*irnlyiir 
eoiid'iicttivity* V«*i I.1iiiifii*i-i4‘« tlirM,^rr *4’ ibi:^ mii. 

stitiitkiii Ilf filly ti*» tm*i n-%ih lilll*^ fai'inir 4 i4j 5 w}ii*ii 

HiMmit* Atrhmmn in Htm^klmUn hrmrghi tm^A' 4rif4iin^iiiH t« nnj^ 
I'Kirt it| liiwil nil #/. //- riii/f iJii^firy «4 aiw| |}||# 

pbeiiciiiit*tim Ilf mmnlw, Ffinn rf^ri.iisii mnv t'ciniiiilpra. 

iiciiii til® iMiiifl 11811 III %*m mmrh*d llmt in tli^rr rtiiln 

a i^rtW iliwinniilifiii Ilf tliiMii-^Milvrii Iiii|f<firlaiit 

rii<mr®lii?i wi llii» aiiliji^t \m*9m *\‘ifiiri| nii iiy If Wltrlii 
(MfmM id Idiipmg^ ami Uhif^-r td 

Ill ttii!iti ilipr® ®iii‘iii|»lill«4l liiif ti««iiriifiil 

rtsalti ariitiig fmm mt inimmU* rf'‘iirii«ii *d tlm* t%tu tiniiiwliii 
0f iciiiic% |itiy8ir« «ml ^tmitm^lry. A% ilit^ lf*^ii:iiiiiiiiil »f llii 
eentiiry mmiy mimtlMB rnnif'ilfiii^^l in Iwlb 

Ifi^y wiirti rli®itii. 8 liii m wrll m ftut al*iiil 

18^^ a fiimnilifiii toik «ii!| jili|iii* 

tiite m citily m aliirtamt^* AImihI I Wifi* itf'i«’'r ball a nmlmf 
0f iipyralkitii a ttml^imy U$ r»iiiiiiiii Irram*’* ajuiariiii in wluti 
ii lafiwtt m tlm IMpmg a’llli « tti^*iili|, Xrrii«b 

Aftfataiiit il til# tiiiwi 

Oit 0 f til# mm% ittliwsfiiif rrinli# arlisitvwl by iln# 8 < 4 iwtt 
if lit »lttttoa #f m whi#li Iiip tiw*tt iiml^r a 

* Awwiitttf JNI-pMfi. %"«4. I. p 411 

* for i ^ »! 

tM mmtf ii m» W. f trt % 

l»li laei, m E Mw9m% $i dm mim. 
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miifili" vmlnf}\ vi/. thi* m-nircf* or mmfc of the elactromotiTe 
ffirt'i* ill « r«4l It will In* rain(*iiibanMl that Volta’s 

riiiilaf! f.lti’tirj iliii imn^i with ganaral fwecoptation. The 
tlif'ory tiiat tii«‘ orij^iii mid laaintaaaaae of the power of the 
viiltai** pill* retiitled in tin* coiitac'.t of difforent metals was 
hyftiffr, Vui. Mniiin idihhmni (17 B2-IH22) ot Florence, 
Italy; hy In England, ami by JtiUar in Germany. 

Tlii*y li**ld that tlio real Houree of voltaic, electricity was 
cli«"*iiiical aclinin This view was taken also by A. (I Bmjnierel 
ill *1. J., dt* ia. /^/rc of <*encva, and particularly by 

Fcirmififi in fauitlon, who, in IH37 and l8>tC), published many 
exp4.»riiiieiil?i which hcominl to dispr<jvc the contact theory. 
Viiltii 14 rotiiitci theory received strongest support in Germany. 
It wm advtM:*aied Ity hVcIuieri Foggiuidorff, <j. If, Ffaff, Ohm, 
iiriil others. When thf* principle of tbe conservation of energy 
was estalilislii^il, this tlieory, as originally taught, had to be 
iiioililifd ; the mere emiiiiet of mi^tals could not give rise to an 
int*xliaiisiilile supply of eliadric energy. It became evident 
tiifil in the vollidc eeli llicrc Umk phii^ a transformation of 
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the metal ions in the solution; K is a constant depending on 
the units used ; P is a constant of integration, to be physically 
interpreted as a pressure. This theory of the voltaic cell rests 
on vanH Hqff^s ideas of osmotic pressure and the views of 
Arrhenius on dissociation in electrolytes.^ Nernst gives the 
following comparison with the action of a Daniel 1 cell : Given 
a reservoir containing liquid carbonic acid and another con- 
taining a substance, for instance, caustic potash, absorbing this 
one rapidly, and between the two a cylinder and piston con- 
trivance to turn the difference of pressure into work. The 
machine does work until all the carbonic a(*id is absorl)ed; 
just so a Daniell cell acts till the zinc is used iip/^ 

Volta’s pile and crown of cups, or slight modifications 
thereof, were for a long while the only means known for the 
generation of current electricity. They laboured under the 
defect of a rapid diminution in current on account of polari^ja- 
tion. The amalgamation of the zincs, first practised by 
Sturgeon in 1830, was a step in advance. A year |)revious 
A. 0. Becquerel constructed a cell yielding a somewhat steadier 
current. A glass trough was divided into three partitions by 
two layers of gold-beater’s skin. The middle |)ortion 1r>C5tween 
the two membranes was filled with a salt ; into the outer |X)r- 
tions containing appropriate solutions, dipped copper and zinc 
plates, respectively. With such a cell a tangent galvanonietar 
deflection of 84° fell to 68® in half an hour. Better success in 
inventing a constant cell crowned the efforts of John Frmierm 
Daniell (1790-1846), who was professor of chemistry at King’s 
College, London. He contributed to science not only the 
Daniell cell,” but also ^^Daniell’s hygrometer.” The invan- 

an exposition of the theory see W. OstwAnn, MeMmekmiif 
1890, pp. HS3-1148 ;. W. OsTWAnn, AUg. (MemU^ VoL % I., 189i; W. 
ISTbeott, Theoretical OhemUtry, trans. by C. S. BAnxEa,. ITO, #9- 
610 ; A. WuLLKBB, ExpeHmenMphyeik, VoL S, 1897, pp. W-919. 
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turn ctf ilif* cfll, ill gT«*w out of hig ooutiw^t with Faraday, 
lit a dPHt-riliiiii' tin* ooll ho wroto Faraday an follows: 

You kianv how drop au iuioiH'st I. havii taken in your Expert- 
memhii Eenruteht^H in Eierfrieitf/^ and hoW' J^ealously I have 
iivail«»d niymdf of ilii-s opp(triiniiih*H whiidi yovi have <wer kindly 
offereil n»% rd profiting by your oral explanation of siudi diflb 
eiiliieH UH oeinirreti to iin* in tin* study of your last serkss of 
pafiers.'*^ In Iijh original (O’l! the eonet*ntrated (*opper Bulphate 
and dilute Kidfihiirie iteid %Vi*ri» separated from eueh other by 
nil aiiiiiiiil iiieiiilirane the. windpipe of an ox. Soon aft(*r 
J, I*, ihimiiff Hiiggi^ied tlie uHt* <d‘ an eai’tlnm |>orouB cup in 
|i!iii‘f* of tlif* wiiiitpipf*. In Sir Wlllium Hohert (frove 

f IHI to tlie britinh Assoeiation a paper, 

eiililled “On a Hinall Voltaic^ Battery of Extraordinary 'Energy,’^ 
and 1 ‘iliiidteil a liaf.y*ry Iiasiiiy eoirntructed.” In 1840 drove 
wnii iippidiiled priifeHsor of experimental pliiloHOphy at the 
IjoihIoii limiitiiiion. Labtr lie eiitin’tsl upon tlui pnudice of 
lam%* lull ndaineil Ids iny^rest in setenee. Htill anothm* battery z** 
ill wlipdi llif* |«ditri/4iit«ii wits |irevented nieelianically by giving 
till* eleelriiiiifgitilvf* phtt-o a rough snrfac.5e, was designed by tlie 
IrfUtdiiii siirgwiii, Aifmi HmmA (1H18-I87T). In (Irova^s call 
lit gttfiil itimt of lilt jdalitiiifii mm m objeefcian ; so Bunsen and 

» miL Triwf., Ilrl I, mW, p. 107, 

» Mlmrlrimu Ynb ST, 1800, p. 4SS; mture, VoL 64, 1806, 

|i. mn. 

» mil Mmj. (II), Vf4. 10, 1840, 

« Tlir rripler t«ftf Im iist#rwt«d la tilt following jea (PeBpril heiag part 
Ilf *ii ffli^triis miifiitliwi, wrillwii liy Clerk Maxwell i 

Ciittimiit m strong m Crove ; 

ibnllleiil ihftittgli til its depths like Smee ; 

Ilf hitfl pmw forth Its tide of love, 

Atiii ill It* dreiiltii di«e hi timed* 

All imw itoaa* w fttifii in L. C4Mr»iit,i, and W. CIawiw, Ii/« oj 
X il MmmAI, p mm. 
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others suggested the use of carbon in place of the platinum. 
Descriptions of Bunsen’s cell ” appeared in 1841.^ Among the 
numerous open circuit batteries of the present time a prominent 
one is that brought forth in 1867 by Georges LedancM (1839- 
1882), a Parisian chemist. A cell whose electromotive force is 
even more constant than that of the Daniell was suggested in 
1873 by Latimer Clark, modified forms of which have been 
used by Lord Eayleigh, Helmholtz, and Henry S. Carhart. The 
Clark cell has been adopted as the international standard of 
electromotive force, and official specifications for its preparation 
have been issued. 

In 1803 Ritter described the first secondary or storage 
battery, He found that when two platinum wires were 
dipped in water and a battery current passed through so 
that hydrogen appeared at one wire and oxygen at the other, 
then, if the wires were disconnected from the battery and con- 
nected with each other by a conductor, the two wires acted 
like the plates of a battery, and a current passed for a short 
time in this new circuit. Its direction was opposite to that of 
the original current. The subject was studied in 1843 by 
Grove, who constructed a gas battery to illustrate the phe- 
nomenon of ^^polarization.” In 1859 Gaston Plants (1834- 
1889), a pupil of A. C. Becquerel, made a thorough study of 
this method of storing energy, and devised a secondary cell 
consisting of two pieces of sheet lead rolled up and dipping 
into dilute sulphuric acid. The lead plates had to be formed ” 
(coated at the anode with a semi-porous film of dioxide of lead, 
and at the kathode with a spongy metallic surface) by sending a 
current through the cell, and reversing its direction several 
times. His cell had a higher electromotive force than any 
primary battery, nevertheless, it hardly reached commercial 


^Pogg, Ann., Vol. 64, 1841, p. 417. 
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«»ii ai'CCHini (»f the tfulioiiH immiBH of “forming.” 
Litfh* wm \md to it. The oporatiim of “forming’^ 

w;iH avoi«lr»«I in IHS! liy (JamiUe A. FaureJ This was accom- 
l»y I'oaliiig tin* Ifatl plains with red lead. Thereby 
tlir* rapaiily of thi» c»ell was alstj iiunmsed. After this im- 
|ir<ivi*iipnii r‘oiiiiiii*n*ial e.ireles Huddtmly became interested. 
Fuiir ridln ivi-re .Himt from TariH to London in. 1881 weighing 
only 7o ynt it was sahl they were charged with 

fiMii-|ioiuiiis of ciHO-gy ! After all, this was no more 
tlioii the energy stored up in a few ounces of coal. .Billed 
with lio|:n% iiiVf^ntors put forth extraordinary effort to make 
mtoragr* leiiterieH, or “;w‘cnnmlators,’’ c{nnnHn*cially available. 
Wliilr* tliey are now nm.^d ipnie c^xtensively, nevertheless the 
re,siilt'H are ilisappointing. 

The ladeiiee of eleetroiinignciiHm originated in 1819 in what 
is known a.H ttersieirs experinimtt.’^ liam (JhriMian Oarated 
(l777'-IKo|| 'WHS horn at llndkjohing, .Langcdand, attended 
l.lie lhiiv«a*siiy of 'Chipeiihiigen, and later was professor at the 
iiiiivin''.sily ninl fwlyleeltnie. mdiool there. Kf'!garding Oersted^s 
great flinrori^ry, Ilaniiteeii wrote .Bliraday in 1857 as follows:* 

Alri*a«ly iti the former cffninry there was a general thought 
lliiit there was a great eonforinity, and perliaps identity, 
iM^tweeii eleeiricfil iinil iiiagnetieal force; it was only the 
ffiicfitioii licHv f.ci ileiiicmstrate it by ex|>eriiii©nts. Oersted 
trii'^il to i$hm* I In* 'wirii of lii» galviinie battery perpendicular 
Cut riglit aiiglesi over the itiagnetle needle, but marked no 
j40ii*iihie liiiiftoii, fhtce, iiltiw the end of his lecture, as he 
liHil nmA ti strong giilvaitic buttery in otlier experimenti, he 
mrnl : * Lid ns mm citiee, $m the battery is in activity, try to 
|il;i€*e tie* wire jiiiritllo! with ihii iir*edle;’ as this was made, he 
wm I|t«ie f#fritck Willi tsirplcKity by seeing the needle making 

« ftwi mm. *ii«i mm. 

^ II* iJ/i md i^mm uf Fmm4nv% I^mdon, 18T0, Voh IL, p. WX 
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a great oscillation (almost at riglrt angles with the magnetic 
meridian). Then he said : ^ Let us now invert the direction of 
the current/ and the needle deviated in the contrary direction. 
Thus the great detection was made ; and it has been said, not 
without reason, that ^he tumbled over it by accident.^ He 
had not before any more idea than any other person that the 
force should be tmnsversal. But as Lagrange has said of 
Hewton on a similar occasion: ^Such accidents only meet 
persons who deserve them.’ ” ^ 

“ Professor Oersted was a man of genius, but he was a very 
unhappy experimenter ; ' he could not manipulate instruments. 
He must always have an assistant, or one of his auditors who 
had easy hands, to arrange the experiment ; I have often in 
this way assisted him as his auditor.” ^ 

Oersted placed different media between the needle and the 
wire carrying the current, and concluded that the current ^^acts 
upon the needle through glass, metals, wood, water, resin, 
earthen jars, stones; for when we placed between the two a 
plate of glass, or of metal, or a board, the result was not 
cancelled; indeed all three combined hardly lessened the 
effect.” 

1 In 1876 H. A. Rowland showed that a magnetic needle is affected 
also hy a rotating body carrying an electrostatic charge. The latter acts 
like a true current. . 

2 For Oersted’s paper see Gilbert's Ann., Vol. 66, 1820, p. 296 ; Ost- 
wALi>, Mektrochemie, 1896, p. 367 ; OstwaU's Klass., No. 63. F. A. P. 
Barnard said of this discovery : “ When Oersted, in 1819, observed the 
disturbance of the magnetic needle hy the influence of a neighbouring 
magnetic current, how wild and visionary would not that have been pro- 
nounced to be, who should have professed to read, in an indication so 
slight, the grand truth that science had, that day, stretched out the scep- 
tre of her authority over a winged messenger, whose jfleetness should 
make a laggard even of Oberon’s familiar sprite, and render the velocity 
which could ‘ put a girdle round the earth in forty minutes ’ tardy and 
unsatisfactory ? ” 
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Oi^rsiinr^ was repeated everywhere. Dominique 

Pranrfpin J(*nn Araqo (I7KG--1853), the noted Parisian astrorio- 
iiier ai»i oljHerved the following year (1820) that iron 

liliiip were, aitnytod by the current. He concluded that the 
wirif carrying the (current ituist be considered a magnet, oven 
if it in not iron. In 1822 Davy proved that this apparent 
attnirtion of the lilingH was really due to their peripheral 
airrangeiiifuit arotind the wire; opposite poles of the filings 
aitraciiiig ot her ami establishing a chain around the wire. 

Hie fact that the niagmdazing force aids in a plane at right 
angles to the wire indiujcd Amp&re to twist the wire into a 
spiral in ordi»r to intiuisify the effect upon a needle placed 
iiiside. Amin* Murk AmiknA (1775-1836) was born at Lyons, 
and early displayed ntatliematical power. During the Revolu- 
tion his fattier was htdieadtHl. In consequence, young Ampere 
WHS ineiilaily eriislied; lirntr after hour was passed in silence, 
wliile lilt WUII4 staring int»o the sky, or mechanically heaxdng 
sand into lilllit After a year he awoke from his mental 

it-iipcir mid liiii lovft for sitience was rekindled by his reading 
work on boiimy. After his marriage in 1799, his 
ritlifiiiiii hcirtatiia very strong. His intense cathol- 

iciitn, tlifiiigh w^enkened in the middle of his career, again 
aii«i>rti'*d itmdf lator in life. He became professor of physics 
afid clieinriitry at Ljoiis. After his wife’s death, Ampfere, 
tli*pr#*»mf*I and niidancdioly, wished to leave Lyons. Ampfere, 
fohdirftled, overwliidmed with honourable distinctions, the great 
Atii|»l»r«! iiparl front liis mental lalxturs, became one© more 
ticsitaling ami fearful, uneasy and troubled, and more disposed 
to plait© cfifitklcwc# in others than in himself.” ^ In 1805 he 

* C!i»iiill Ammof^ ** E«lo^ on Ampfered’’ BmitMonian IS 72 , 

p 111. 

* iimrf f# Wi Dmi, Mnff IM iourml and earlM ernri^ponmme of 
d^i Mm1$ dm^mt Mfl#i Madams it C.f Loadon^ 18TS, p. IW. 
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became connected with the Polytechnic School in Paris, where, 
for twenty years, he engaged in important researches.^ 

While Oersted had discovered simply the action of a current 
on a magnet. Ampere discovered the action of a current upon 
another current : parallel currents in the same direction attract 
each other ; those in opposite directions repel each other.^ In 
these beautiful phenomena some critics saw nothing more 
than the old electric attractions and repulsions. To this 
Ampfere replied that while equal electric charges repel each 
other, conductors carrying parallel currents attract each other. 
Another critic aimed to belittle the discovery by asserting 
that, since it was known that two currents acted upon one and 
the same magnet, it was evident, to begin with, that they 
would act upon each other. Upon hearing this, Arago drew 
two keys out of his pocket and replied, ^^Each of these keys 
attracts a magnet; do you believe that they, therefore, also 
attract each other ? 

Ampere gave a rule — Ampfere^s rule — for the direction 
in which a magnet is deflected by a current. Paraday arrived 


^ The following extract from a letter of 1806 gives a vivid picture of 
the man : “My life is a circle, with nothing to break its uniformity. . . . 
I have but one pleasure, a very hollow, very artificial one, and which I 
rarely enjoy, and that is to discuss metaphysical questions with those who 
a^e engaged in this science at Paris, and who show me more kindness 
than the mathematicians. But my position obliges me to work at the 
pleasure of the latter, a circumstance which does not contribute to my 
diversion, for I have no longer any relish for mathematics. Nevertheless, 
since I have been here I have written two treatises on Calculation which 
are to be printed in the journal of the Polytechnic School. It is seldom, 
except on Sunday, that I can see the metaphysicians, such as M. Maine 
de Biran, with whom I am very intimate, and M. de Tracy, with whom 
I dine occasionally at Auteuil, where he resides. It is almost the only 
place in Paris where the country reminds me of the banks of the 8a5ne.’* 
— p. 322. 

^ Annales de Chimie et de Physiqm^ Yol, 15, 1820. 
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at a more comprehensive conception of the relation, and 
devised experiments showing that current and magnet have 
a tendency to encircle each other. This result was extended 
by Ampere. Contrary to the opinion of Thomas Johann See- 
becJc, who looked upon the electric current as a magnetic 
action, Ampere considered a magnet as primarily due to 
the action of electric currents. Each particle in a magnet 
has an equatorial current, producing magnetic poles. To 
magnetize a magnet is to cause all these hypothetical mo- 
lecular currents to flow in the same direction. Terrestrial 
magnetism, according to Ampere, is due to electric currents 
around the earth. In 1823 Ampere published a paper giving 
a mathematical theory of the new phenomena. Maxwell 
describes this research as perfect in form and unassailable 
in accuracy.’^ 

Georg Simon Ohm^ (1789-1854) was an ingenious invests 
gator who, although removed from the influence of personal 
contact with the great physicists of his time, yet working 
independently and alone, discovered the great law bearing 
his name. He was born in Erlangen, attended the university 
at his native place, then taught school at Gottstadt, Heufch§,tel, 
and Bamberg. At the age of thirty he became teacher of 
mathematics and physics at the gymnasium in Cologne. He 
taught there nine years with great success. A pupil of that 
time, who attained great celebrity as a mathematician, was 
Lejeune Dirichlet. Ohm became ambitious to engage in 
research, but the want of leisure and books, as well as the 
lack of suitable apparatus, rendered progress difficult. The 
mechanical skill which he had acquired as a boy through his 
father, a locksmith, enabled him to construct much apparatus 

1 Consult Euoehe Lommel, ‘‘The Scientific Work of George Simon 
Ohm ” in Smithsonian Meport, 1891, pp. 247-256. 
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for Mm self. His first experiments ^ were on the relative con< 
ductivity of metals. Taking wire of different material, but 
of the same thickness, he found that the following lengths 
possessed equal conductivities: copper 1000, gold 574, silver 
356, zinc 333, brass 280, iron 174, platinum 171, tin 168, lead 
97. Observe that his measurements made silver a much 
poorer conductor than copper, though it is actually a better 
conductor. Later, Ohm tried to verify his results and found 
the mistake. The silver wire first used, in being drawn, 
became covered with oily leather, so that, while both wires 
were drawn so as to be apparently of equal thickness, the 
first one was really much thinner. Turther experiments with 
wires of the same material, but of different thicknesses, yielded 
him the result that they have the same conductivity if their 
lengths are proportional to their cross-sections. In these tests 
he was greatly troubled by variations in his batteries Wogen 
der Kraft’’). Finally, at the suggestion of Poggendorff, he 
adopted thermo-electric elements as the sources of current. 
These were free from this source of trouble. 

In the experiments by which Ohm established his law, he 
used two tin vessels A and H, Fig. 15. In A he kept boiling 
water ; in J3 snow or ice. He prepared a bar of bismuth abh'a'\ 
to this he fastened by screws strips of copper, whose two 
free ends dipped into two cups filled with mercury. The 
thermo-electric couple was, therefore, bismuth and copper. 
To generate current, junction ab was placed in the hollow 
cylinder x of vessel A, while junction a’5' was placed in the 
corresponding position in vessel B, The difference in tem- 
perature gave rise to an electric current whenever the two 

^ G. S. Ohm, “ Bestimmung des Gesetzea, nach welchem Metalk die 
Contaktelectricitat leiten, etc.,” in Schweigger' s Journal /. Chemie ii. 
Bhysik, Y'ol. 46, 1826, p. 144. TMs article contains, among other 
things, the experimental proof of Ohm^s law. 
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mercury cups were connected with, each other by a conductor, 
so as to complete the circuit. Ohm had a torsion balance 
constructed by a mechanic under his direction. A magnetic 
needle was suspended from a torsion-head by a flattened wire 
five inches long. When the needle was deflected by the cur- 



Fio. 15. 


rent from its position of rest in the magnetic meridian, it was 
brought back to its original position by torsion. The angle 
through which the torsion-head must be deflected was meas- 
ured in centesimal divisions of the circle. The force tending 
to deflect the needle from its initial position was proportional 
to this angle. .Hence the strengths of currents could be com- 
pared by measuring the angles through which the torsion-head 
was turned, in each case, in order to bring the needle back 
to zero. 

Ohm prepared eight copper wires of equal thickness (|* of a 
line) and, respectively, 2, 4, 6, 10, 18, 34, C6, 130 inches long. 
These were inserted as part of the electric circuit, one after 
the other. For each, measurements were taken of the strength 
of current. On January 8, 1826, he obtained the following 
data: 

Number of conductor, 1, 2, $, 4, 6, 0, 7, 8. 

Angle of toraion In cen- \ ggg. 277}, 238}, 190}, 134}, 88}, 48}. 

tesimal diviiion®, i 
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more widely known than his article of 1826, giving the experi- 
mental deduction. In fact, his experimental paper was so ' 

little known that the impression long prevailed and still exists ! 

that he based his law on theory and never established it | 

empirically. This misapprehension accounts, perhaps, for 
the unfavourable reception of Ohm’s conclusions. Professor 
H. W. Dove, of Berlin, says that the Berlin Jahrlucher fur 
loissemcliaftliclie Kritik, Ohm’s theory was named a web of 
naked fancies, which can never find the semblance of support 
from even the most superficial observation of facts ; ^ he who 
looks on the world,’ proceeds the writer, ^with the eye of 
reverence must turn aside from this hook as the result of an 
incurable delusion, whose sole effort is to detract from the ^ 
dignity of nature.’”^ 

As Ohm’s great ambition was to secure a university pro- 
fessorship, we may readily imagine how this lack of apprecia- 
tion affected him. In order to write his book of 1827, he had 
secured leave of absence and had gone to Berlin, where the 
library facilities were better than at Cologne. hTot only did 
he fail to secure promotion by the publication of this book, 
but he incurred the ill-will of a certain school official (who 
was a supporter of Hegelianism and, therefore, opposed to 
experimental research) and, in consequence, he resigned his 
position in Cologne. 

For six years Ohm lived in Berlin, giving three mathematical 
Ic^ssons a week in the Kriegsschule, at a yearly salary of 300 
thaler. In 1833 he secured an appointment at the polytechni- 
ctim in I^Iilrnberg. Gradually hii^ electric researches called 
forth respect and appreciation. Poggendorff and Fechner in 
Germany, Lenz in Kussia, Wheatstone in England, Henry in 
America expressed their admiration for his work. The Koyal 

* Memorial of Jowjfh Henry ^ 1880, p. 489. 
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Bociety of lioiulon i« IH4I uwan|i'«i him lli** rfi|4in’ iiioihiL In 
lS41h tho ago of HiHty-twin tho ninliilioii uf Inn ytt'iilli was 
fifially atyiiinsL Ho was apjioiniod o^trrioriliii*irv i^riifomir 
at thtrUniverBity of Mtiiiirh, ami in f^rdiiiary 
He died tw4> ymm lator. 

'Whoatet4>m% tim groat jylmiror of fHiin, jn*rroiviiig tJio nrrm- 
siiy of iiioro aocmrato inoaHnniig 

what i» kuowii m ** Whimtstoiio's liridgo,** Wimit- 

$t(Me (1H02-«IHT5) mm Imrii iioar lUoiiri^Htor, Ifo lw»raiiii* n 
maiuifaoiuror of iiistriiiooiits, litit in 1H»I4 iirrojiti^l 

tho chair of cxiHiriiiiotital jdiysirii at Kitig> wllogis laiiiihai, 
"Lator ho retired to privali* lift*, living nii tin* iiiisaiio from titi 
iiivoiiticiris, jmrticiilarly tliai of the leii^grinih. Ho was iiii 
axperiimmtaliiit of oKtrai..>riliiitiry skill, Imt ilislikn! tii sfumk in 
piiMk. •'Mil fiilfilimmt of Iho diiliofi of }iii« ofliri* at King-’ii 
(Jolloga ho dolivertid a imarso Ilf inglif. locliifi*^ <iii Miiimd , , . 

but his habitual ihougli iifin*i.i44oiiiililo il'inlriisl nf tiis own 
powers of uttiTOiice proved lo \m iiit iiivinrilile olwlaelt, iiiiii 
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I til tl«* ('iriiiiiaiiry ctf t-hi^ imed- This source of trouble 

wa,« roiiwivfcl Iij IkH’quorel, who iutroducad the differential 
g*i]v?iiituiii*ter, and by WheatHtono, who ad(>pt(Ml a nHd<hod 
Hiiggtsteil by Hiirit4»r C^hrintii*, and wan led to the invention of 
** WlieaiKbiiiids hritlge.’^ In 18-bl Wln^atntone describeH two 
fiiriiis, tlifTering merely in the arrangement of the wires.^ The 
iieefiiiil IK sin mm in. Fig. Id. IteHintarKies Za and a(J are con- 
KtriieU:*ii ec|mil to eaeli other; reHintauces Zc^ db^ be^ f(J are ako 
to i‘a4'li oilier. The hatUn*y \h e.onnected at Z and Of the 
giih^iiiHiiiieter at a ami b. 'rhe gap cd may be bridged by the 
renisfeiiiec* to nnuiKiired; the gap f'fhy a rheostiit, the resist- 



ri«. 10. 


mtm of whicdi ii ailjiiBted until the galvano,metar deflection is 
ritdiieed bi lero. Then the required resistam^a equals the 
kiiiiwii rtitioBtAi rmmUmmk Wheatstonek new instrument was 
tiiCMilfkd by Kiwdilioff, who intrmlueed a platinum wire of 
ittiiffinti tlikkiiftii with whieh movable eonta<?t was made. 
Kirrlitioif gfive it a Irianpilar ihai>a; Biemens adopted the 
long, ri*i!liiiigiiliir form. 

Tint gaivaiifiiiieter wm invented by /. B* C. Sehwitggif 
{ITritetHfif), profesior at Halle, in 1820, immediately after 
Chfruti^fFs i*iimrimeiit teeame known. Bchweigger increased 
the rifeetitti action of tlii mirrent by carry itig the wire many 
liiiirs niiiiifl the needle. In 18215^ I'j&qMddo WMi 
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(1784-1835) of Florence used the astatic nniltiplier^ having 
two needles rigidly connected with each other^ and with the 
south pole of the one pointing the same way as the north pole 
of the other. In 1839 Claude Servais Mathias Pouillet (1790- 
1868), professor in Paris, invented the tangent and the sine 
galvanometers. Oreat improvements in the promptness and 
delicacy of action of galvanometers were ejected by Sir 
William Thomson^ who devised mirror galvanometers for sig- 
nalling through suhmarine cables. In recent years a galva- 
nometer designed by A. WArsonval is meeting with great 
favour. In principle it is the same as the siphon recorder 
of Sir ‘William Thomson, employed in submarine telegraphy, 
and as the suspended coil galvanometer, used as earl 3 r as 1836 
by Sturgeon. About 1890 G. Vernon Bo 2 Js recommended the 
use of (juartz fibres in place of silk for needle suspension in 
delicate! experimentation. 

Michael Farotday (1791-1867), the greatest experimentalist 
of the nineteenth century in the field of electricity and mag- 
netism, was horn at [Newington in London, and was the son of 
a blacksmith. ‘^My education,’’ he says, ‘^was of the most 
ordinary description, consisting of little more than the rudi- 
ments of reading, writing, and arithmetic at a common day- 
school. My hours out of school were passed at home and in 
the streets.” ^ In 1804 he served as errand boy at book- 
store and bookbindery near his home. GChe following year he 
became an apprentice to the bookbinder. At this time he 
liked to read scientific books whicli happened to pass through 
his hands. made such simple experiments in chemistry,” 
he says, as could he defrayed in their expense by a few pence 
per week, and also constructed an electrical machine.” At the 
age of nineteen he sometimes in the evening attended lecture 

1 B. JoiTEs, Mfe and Z&tters qf Fcrada^t 1870, Vol. I., p. 9. 
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givpii By Mr. Taiuiii on natural philoBophy, hiB brother pay- 
ing thf» ailuii.HBhni foe for liiin. In 1812 he had the good 
foriiiiie to bear four lecturen (h^livered at the Royal Institution 
liy Hir IL Ihivy, the. great eheinist About this time B’araday 
\veiit an a journeyman bookbinder to a Frenchman in London. 
His now work was uncongenial. My desire/’ he said later, 
** tn from triule, whi<di I thought vicious and selfisli, 

and to enter into tin* s(u*vice of science, which I imagined made 
its piirsuera iimiable and liberal, induced me at last to make 
iini kdd amt siinjde «ie{> of writing to Hir H. Davy, expressing 
my wishes, and a hiqm that if an opportunity came in his way 
he w^oiild favciiir my viciwh; at t!m same time, I sent the notes 
I liad taken of his lectures.” Davy replied, T am far from 
iliiiplimsed with the? proof you have given me of your (?onfi- 
dema*. . . Faraday k*came Davy’s assistant at the Eoyal 
Iiwtittition in lHb3. In the autumn of that year Davy and his 
wife slarbm! on a tour abroad, Faraday going with them as 
liiiiantietiiiis. After lK?ing with Davy in France, Itely, Hwitzer- 
lie reiurnetl to the Eoyal Institution in 1815. Soon after 
Ilk riitiirii liii iMfgiiii original resaarc?h68, and published his first 
piUitir itt 1816. He also commenced to lecture before the 
**<hty Pliilosopliica! Socjiety.” In a letter ho wrote of **tha 
glofiotts op|Kiriiinity I enjoy of improving in the knowledge of 
chemistry ami the mmmtm with Sir IL Davy.” In 1821 Fara- 
iliif tnarricfl, and brought his wife to his rooms at the Itoyal 
Iiwtitiitioii, wliow they lived together for forty-six years. In 
1824 he w»i elei^teil meinlber of the Royal Semiety at a time 
wlicii Davy was its priiiident. It is sad to relate that Jealousy 
on the part of Davy led him to opfiose Faraday’s elaetion. 
Hefcrlltelciii, farmlay always spoke with respiMit ami admira^ 
lloii for Hie taleiiti of Ilia mati who had done »o laueh to start 
him ill hii »rif nclinlifie rntmt. In 18 M faratoy became 
iiwtof of loyal Iistitulioo. 
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But Faraday iDersisted. In August, 1831, he took a ring of 
soft iron (Fig. 17), and wound coils A and JB around it. Coil 
B was connected with a galvanometer. 

When coil A was connected with a 
battery of ten cells, the galvanometer 
needle oscillated and settled at last 
in the original position. On discon- 
necting the battery the needle was 
again disturbed. Faraday did not at 
once grasp the full significance of this. On September 23 he 
says in a letter, I am busy just now again on electromag- 
netism, and think I have got hold of a good thing, 
but can’t say. It may be a weed instead of a fish 
that, after all my labour, I may at last pull up.” 
Next day he took an iron cylinder, surrounded by 
a helix connected with a galvanometer. Then the 
cylinder was placed between the poles of a bar 
magnet, as in Fig. 18. Every time the magnetic 
contact at W and B was made or broken, there was 
magnetic motion at the indicating helix [galva- 
nometer] — the effect being, as in former cases, 
not permanent, but a mere momentary push or 
pull. . . . Hence here [was] distinct conversion 
of magnetism into electricity.” This experiment? 
is the converse of Oersted’s experiment; an elec- 
tric current was excited by a magnet. 

On October 1, 1831, Faraday discovered induced 
electric currents. A helix, wound with insulated 
copper wire 203 feet long, was connected with a 
galvanometer. Another coil of the same length 
and wound around the same block of wood was 
joined to the poles of a battery of ten cells. 
sudden jerk was perceived when the battery communication 
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son in Paris had observed similar phenomena. Unaware of 
Henry’s researches on self-induction, Faraday began in 1834 
to study this action, and he recognized it as one of ^'induction 
of an electric current on itself” ; he succeeded in showing the 
presence of an extra current.” The extra current ” at the 

break ” had the same direction as the original current and 
strengthened it; the extra current” at the ^^make” flowed 
in the same direction and weakened the original current. This 
theory of the existence of an extra current” met at first 
with considerable opposition, but was finally verified by other 
workers. 

On contemplating Faraday’s experiments on electromag- 
netism, Tyndall writes enthusiastically as follows : I cannot 
help thinking . . . that this discovery of magneto-electricity is 
the greatest experimental result ever obtained. It is the Mont 
Blanc of Faraday’s own achievements. He always worked at 
great elevations, but higher than this he never attained.” 

The lofty heights which were scaled by the bold English 
explorer were at the same time reached by an American 
explorer, neither being conscious of the other’s efforts until 
the summit was reached. In the discovery of magneto-elec- 
tricity the name of Faraday must be accompanied by that of 
Joseph Henry. 

Joseph Henry (1799-1878) was bom at Albany, !N'ew York. 
At the age of fifteen he entered the shop of a watchmaker as 
an apprentice, although his chief ambition then was to excel 
as an actor and dramatic writer. Accidentally he came across 
Gregory’s Lectures on Bixperirmntal Philosophy , the perusal of 
which created a love for science. He entered the Albany 
Academy as a pupil, and in 1826 became professor of mathe- 
matics there. He was appointed in 1832 professor of natural 
pldlosophy at Princeton College, and in 1846 secretary of the 
newly established Smithsonian Institution in Washitgton. 
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liorseslioe magnet supporting 154 pounds. But the one who 
introduced radical improvements was' Henry at Albany. In- 
stead bf varnishing the iron, he insulated the copper wire 
by covering it with silk ; instead of a few turns of wire about 
the core, he put on many turns. His first magnet, having 400 
turns, was exhibited in March, 1829. A further improvement 
consisted in winding the core with several coils, the ends of 
which were left free. Thereby the battery current could be 
made to subdivide, the coils being arranged in parallel. He 
experimented on the proper size of coil to be used with bat- 
teries of different kinds, and arrived at the highly important 
conclusion that one may use an intensity magnet with a 
long single wire, receiving current from an ^4ntensity^^ bat- 
tery, with cells grouped in series ; or one may use a quantity 
magnet with many short wires, to be excited by a quantity 
battery of a single large pair of plates. The former magnet 
was to be preferred when the current was carried over con- 
siderable distances from the cell to the magnet, as in case of 
telegraphy. Henry’s electromagnets were capable of sustaining 
fifty times their own weight under the stimulus of a single cell 
with plates hardly a hand’s breadth in length and width.^ 

The originality of these results is the more conspicuous 
when we remember that Henry was at this time unacquainted 
with the law discovered by Ohm in 1826. In 1833 Henry 
asked Dr. Bache, ^^Can you give me any information about 
the theory of Ohm ? Where is it to be found ? It was not 
till 1837, during his visit to London, that he became acquainted 
with Ohm’s theory.® 

1 Henry published his results in the Am. Jour, of Sci.y Vol. 19, Jan- 
uary, 18S1, pp. 404:, 406. Consult also the “ Scientific Writings of Joseph 
Henry,” in Smithsonian MUoellaneous Collections, Vol. 80, 1887, Fart I, 
p. 87. 

^ Mart A Hbkkt, c^. cit,, p. 80. 
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siastic, and was getting ready for an exhaustive series of ex- 
periments in August, 1831. He started to make a mucli larger 
electromagnet, also a great ^^reel,” aiming to secure a machine 
capable of powerful work — he was endeavouring to make a 
dynamo. But vacation drew to a close before it was completed.^ 
He resumed work, not in August, 1832, but in June ! And 
why ? By chance he had come upon a paragraph in a periodi- 
cal, stating that Faraday had shown that magnetism can pro- 
duce electricity. Faraday’s experimentation was given only 
in outline. Henry could not tell to what extent he was antici- 
pated. He immediately went to work. Using his old appara- 
tus, he repeated the experiments mentioned in the notice, and 
hastily prepared a paper, printed in the American Journal oj 
Science, July, 1832. This paper contains tests made before he 
had heard of Faraday’s work, and also tests made after that. 
Faraday had published his discovery of magneto-electricity in 
1831. While it is almost certain that Henry’s discovery ante- 
dated Faraday’s, Henry was anticipated in the date of publi- 
cation. Hence the priority rightly belongs to Faraday. In 
1837 Henry was in Great Britain, and became personally ac- 
quainted with England’s great physicists. Henry loved to 
dwell on the hours he spent in Faraday’s society. Faraday and 
Wheatstone expressed great esteem for the American physicist. 
At King’s College, in London, Faraday, Wheatstone, Daniell, 
and Henry once tried to evolve the electric spark from the 
thermopile. The Englishmen attempted it and failed. Henry, 
calling in the aid of a discovery he had made of the effect of 
a long interpolar wire wrapped around a piece of soft iron, 
succeeded. Faraday became as wild as a boy, and, jumping 
up, shouted, Hurrah for the* Yankee experiment,”^ 

^ Maet a. Hihet, op. cU.y p. 54. 

* A Memorial of Joseph Henry, Washington, 1880, p. 506. 
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Eeturniiig to Faraday at the Royal Institution in London, 
we find him soon after 1835 working on electrostatic induction. 
Coulomb and others had assumed the theory of action at a 
distance ; electric charges were supposed to attract and repel 
each other at a distance without being affected in any way by 
the intervening medium. Faraday had an idea that this view 
was erroneous, that electric attraction and repulsion are propa- 
gated by means of molecular action among the contiguous 
particles of the insulating medium, which thereby participates 
in the propagation of the electric forces. Hence Faraday 
termed such mediums ^^dielectrics.” Faraday satisfied himself 
by experiments that induction does not always take place in 
straight lines, as the theory of an action at a distance without 
the aid of an intervening medium would lead us to believe ; on 
the contrary, induction takes place along curved lines, and 
by the action of contiguous particles. These curved lines he 
termed ^Hines of force.” His experiments showed that the 
intensity of the electric force between two charged bodies 
varies with the nature of the insulating medium. He was 
thus led to the capital discovery of what is now termed 
specific inductive capacity.” Henry Cavendish had arrived 
at the same results long ago, but had allowed these pearls of 
scientific truth to be hidden away. Faraday’s apparatus, by 
which he compared specific inductive capacities, was in prin- 
ciple a Leyden jar in which the dielectric could be changed. 
It consisted of two concentric spheres. The hollow space 
between their surfaces could be filled with any desired 
material. Taking air as the standard dielectric, he found the 
electric attraction or repulsion for sulphur 2.26 times greater; 
for ahellae, 2.0 times; for glass, at least 1.76 times greater. 
Faraday’s experiments were published in 1837; since 1870 
large additions to our knowledge of this subject have been 
made, but owing to electric absorption the values assigned by 
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force, and in magnetizing a ray of light.’^ ^ Faraday caused a 
polarized beam to pass through a piece of heavy glass, lying 
in a strong magnetic field, due to a large electromagnet. By 
means of a Nicol prism, it was found that the wave of light 
was twisted round by the action of the magnet so that its 
vibrations were executed in a different plane. He says : Kot 
only heavy glass, but solids and liquids, acids and alkalies, 
oils, water, alcohol, ether, all possess this power.’^ Comment- 
ing on this relation between light and magnetism, Whewell 
wrote Faraday: cannot help believing that it is another 

great stride up the ladder of generalization, on which you have 
been climbing so high and standing so firm.^^ 

Faraday’s powerful magnets and heavy glass led him to 
the verification of another of his prophecies. That magnetic 
properties should be confined to iron and nickel appeared to 
him too extraordinary to be probable. Knowing that the mag- 
netic strength of iron lessens at very high temperatures, he 
suspected that other metals might show magnetism at lower 
temperatures. As early as 1836 he experimented on metals 
cooled to — 50® C., but without results. In 1839 he repeated 
these experiments at — 80® C., again without result. In 1845 
he added cobalt to the list of magnetic substances. In 1846, 
at last, he published the general result. On November 4, 1846, 
he suspended by silk a bar of heavy glass between the poles of 
his new electromagnet. When the magnet was excited the 
heavy glass was repelled from the poles so as to assume an 
equatorial position. Faraday experimented with other sub- 
stances and found that all liquids and solids were attracted or 
repelled, provided that suflicient magnetic power was used. 
Sulphur, india-rubber, asbestos, tissue of the hunfan body, 

1 B. JoNiss, op. cU., VoL n., p. 195. See also Mx^erimental M§$earche$, 
I9th Senes, 


* In coining Ute words “dlnmagiictlc” atttl “ 
consulted Whewell, who wrote in 1860 In n U>ti«>r m fullriws : “ I nm si w»jrs 


arepniffliingnewtbo^te. . . . 'Ihepirkui would eertshtij'obimio the 
oppcwltion, or coordination, id <t«mn«gnMie’ and ' (ibuusimetie.’ . . . 







ELECTErcrTY AND MAGNETISM 


251 


Beginning about the time of Ampere, several new electric 
theories came to be advanced.^ The early theories neglected 
the action of the dielectric, but assumed the existence of one 
or two electric fluids and took no account of the principle of the 
conservation of energy. The recognition by Faraday of the 
influence of the dielectric medium ^^is, perhaps, the most im- 
portant step that has ever been made in the theory of elec- 
tricity.” We have seen that he was led to this by his desire 
to get rid, as far as possibhi, of the idea of action at a distance, 
which was so prevalent in his time, hut to which his researches 
have given the death-blow. Faraday’s ideas were expressed 
in mathematical language and were more fully developed, so 
m to culminate in the electromagnetic theory of light, by the 
genius of Maxwell. 

Janm (Jlmic Maxwell (1831-1879) was born in Kdinl)iiTgh, 
enjoyed good opportunities for early devidopment, and soon 
displayed |K)wer for mathematical and physical research. At 
the age of flfhum he published a paper on oval curves. He 
attended meetings of the lioyal Society of Edinburgh. In 
1847 he met William Hicol, the inventor of the polarizing 
prism, an<l lK*4’.ama interested in the phenomena of polarized 
lighi l^rofessor Campbell ® says that, to keep their educjation 

Ilene© It wotild appear that the two classes of magnetic hodios are those 
which place their length parallel or according to the terrestrial magnetic 
llnas, and those whhth place their length tranmerm to such lines. Keep- 
ing til© priiposltion <Ua for the latter, the preposition para or ana might 
he ttiid for the formiir ; pijrhap para would be bcjst, as the word * paral- 
lel,^ io which It is Involved, would be a technical memory for it.” See 
I. ToMiisurKEi William WhemlU London, 1876, VoL II., p. 808. 

*Cofiiiilt J. J. TiioMiOM, ** Eeport on Electrical Theories,” lUport of 
Sf BnH. Amoedalia% 1S86, pp. 117-186; IlanMiioi.r/., ‘‘On Later Views of 
th® Coniiecllon of Eliictricity and Magnetism,” iSmtikmuian EepoHt 1B7S. 

* CAmmmht and W. ClAKsarr, Life of Jamm Clerk MmmeM, liOn- 
ISte, p. 8i ; we are wing also E. T. Glazmieook, Jamm CUrk 
MmmeU aM irod#m Hew York, 1806. 
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for it is originated and sustained only by a force, and sinks 
to the normal or quiescent state wken that force is removed/^ 
Maxwell changed T'araday^s nomenclature; instead of the 
polarization of the dielectric, he speaks of the change as con- 
sisting of an electric displacement.^^ He looked upon the 
action in the dielectric as analogous to that of an elastic solid 
•which springs back to its original position when the external 
force is removed. The change in electric displacement is an 
electric current, called a ^^displacement current,’^ to distinguish 
it from a current in conductors, designated as conduction cur- 
rent.^^ (Hertz has proved the existence of these displacement 
currents by experiments which are quite free from objec- 
tion.) In a medium supposed to be subject to such electric 
displacement, waves of periodic displacement could be set up. 
The velocity of such a wave was very nearly equal to that 
of light. Hence, ^^the elasticity of the magnetic medium in 
air is the same as that of the luminiferous medium if these 
two coexistent, coextensive, and equally elastic media are not 
rather one medium.^^ That electromagnetic phenomena and 
the phenomena called light have their seat in the same medium, 
and are, in fact, identical in nature, is the theory elaborated 
by Maxwell in his great Treatise on Electricity and Magnetism,^ 
published in 1873. While this theory did not contradict any 
observed facts. Maxwell himself had only few and indecisive 

1 This epoch-making book has always been found difficult of compre- 
hension. Toincar^ writes this : “ A Trench savant^ pne of those who 
have most completely fathomed Maxwell’s meaning, said to me, ‘ I under- 
stand everything in the book except what is meant by a body charged 
with electricity.’” Hertz expresses himself as follows: “Many a man 
has thrown himself with zeal into the study of Maxwell’s work, and, 
even when he has not stumbled upon unwonted mathematical difficulties, 
has nevertheless been compelled to abandon the hope of forming for him- 
self an altogether consistent conception of Maxwell’s ideas. I have fared 
no better myself.” — Electric Waves, trans. hy D. E. Jokes, p. 20. 
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criteria in support of it, but his great prophecy was experi- 
mentally confirmed by the illustrious Hertz. 

Heinrich Rudolf Hertz^ (1857-1894) was bom at Hamburg. 
After leaving the gymnasium, he fitted himself for civil engi- 
neering. At the age of twenty, he came to a turning-point 
in his career; he was converted from a man of practice to 
one of learning. He went to Berlin, and, under Helmholtz, 
advanced rapidly. He became in 1880 assistant to Helm- 
holtz, in 1883 privat-docent at Kiel, in 1885 professor of 
physics at the Technical High School at Karlsruhe. There 
he performed his memorable experiments on electromag- 
netic waves. In 1889 he succeeded Clausius at Bonn, and 
thus, at the age of thirty-two, occupied a position usually 
attained much later in life. In 1892 a chronic blood-poisoning 
began to undermine his health, and he died in the prime of 
life. 

In 1888 Hertz found means of detecting the presence of 
electromagnetic waves arising from Leyden jar or coil sparks. 
This was an accomplishment which Maxwell had feared would 
never be realized. During the oscillatory discharge of a Ley- 
den jar, or of a Holtz machine, electromagnetic waves radiate 
into space. Such a wave is called electromagnetic because 
it has two components — an electric wave and a magnetic wave. 
Hertz was able to observe each separately. If electromagnetic 
ts^aves fall upon a reflector (a large sheet of tin, for in- 
stance), then they are thrown back, and the interference of 
the two trains of waves, moving in opposite directions, gives 
rise to places of least and of maximum disturbance (nodes and 
antinodes). Hertzes detector consisted simply of a circular 
wire, the ends terminating in brass knol^, which were adjusted 

1 H. Ebbbt in MecMcian (London), Tol. SS, 1894, p. 272. Sa® also 
a sketch hy H, Bokfoet, in SmUhsmian Meport, 1894, p. 719. 
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at small distances apart. A wave falling upon the wire, under 
suitable conditions, causes minute sparts to pass between the 
knobs. Hertz succeeded in reflecting, refracting, diffracting, 
and polarizing these waves. The object of these experi- 
ments,” says Hertz, was to test the fundamental hypotheses 
of the Faiaday-Maxwell theory, and the result of the experi- 
ments is to confirm the fundamental hypotheses of the theory.” ^ 
Electricity has thus annexed the entire territory of light and 
radiant heat.” 

After Hertz had published his results, he learned that 
English experimentalists had been working in similar lines. 
He says : “ I may here be permitted to record the good work 
done by two English colleagues who at the same time as 
myself were striving toward the same end. In the same year 
in which I carried out the aboYe research, Professor Oliver 
Lodge, in Liverpool, investigated the theory of the lightning 
conductor, and in connection with this carried out a series of 
experiments on the discharge of small condensers which led 
him on to the observation of oscillations and waves in wires. 
Inasmuch as he entirely accepted Maxwell^s views, and eagerly 
strove to verify them, there can scarcely be any doubt that if 
I had not anticipated him he would also have succeeded in 
observing waves in air, and thus also in proving the propaga- 
tion with time of electric force. Professor Fitzgerald, in 
Dublin, had some years before endeavoured to predict, with the 
aid of theory, the possibility of such waves, and to discover 
the conditions for producing them. My own experiments were 

^ Hertz’s papers are collected in a took, Electric Warns, trans. by 
D. 1. Jobes, London, 180S. A full account of Hertz’s experiments is 
given in Fosmiho, AUernati'^rrent Tran»fo)'mer, Yol L, in PnEsroB, 
Theory of Light See also 0. J. Looob, “ The Work of Hertz,” in Nature, 
Yol. 50, 1894, pp. 13S-1S9, 160, 161 ; FoiboabI!, On Maxwett and Hertz " 
in Mature, Yol. 59, 18^4, pp. 8-11. 
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not infLuenced by the reseaiehes of these physicists, for 1 
only hnew of them subsequently.^’^ 

Since the publication of Hertz’s experiments, several new 
detectors of electromagnetic radiation from Leyden jar or coil 
sparks have been found. The frog’s leg, to which we owe the 
discovery of current electricity, has been tried, but has given 
poor results. Small Geissler tubes have been used in place 
of the minute air-gap in Hertz’s receiver or resonator. But 
the most useful and delicate contrivance is the coherer,” the 
invention of which rests on observations made independently 
hy Edouard JBranly, of the Catholic Institute in Paris/ and 
Oli'ver J. Lodge, of University College, Liverpool.® As usually 
constructed, it consists of a tube of filings (iron filings are 
good), placed in circuit with a voltaic cell and a galvanometer. 
The filings offer a high resistance, but as soon as an electric 
wave reaches the coherer, the resistance breaks down through 
a process of electric welding between the filings, the battery 
current increases and gives a larger galvanometer deflection. 
Improvements on Hertz’s vibrator, or wave-radiator, have been 
made by Augusto Eight of Bologna. A recent patent on wire- 
less telegraphy, which has commanded much public attention, 
is simply a modification of the apparatus evolved by Hertz, 
Lodge, Branly, and Bighi.^ 

We have seen that Ampfere, observing that solenoids act 
like magnets, proposed a theory of magnetism according to 
which all magnets were simply collections of currents. He 
supposed that around every molecule a minute current is flow- 
ing ceaselessly. As such an assumption cannot be experimen- 

1 Hertz, MeGtric Waves, tons, by B. E. Jontes, p. S. 

2 Comp, Bend., Tol. Ill, p. T85 ; Yol. 112, p. 90. 

^ Bature, Tol. 60, pp. 133-189. 

' ^ Mectrkian (London), Tol 39, 1897, p. 686; consult also 0. Lodge, 
“History of the Coherer Principle,” MecMcian, 4t0, 1897, pp. 87-9U 
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the opposite direction, the reversal of the polarity occurs with 
a rush. We thus says Ewing, [‘x close imitation of all 
the features observed when iron or any of the other magnetic 
metals is carried through a cyclic magnetizing process. The 
effect of any such process is to form a loop in the curve which 
expresses the relation of the magnetism to the magnetizing 
force. The changes of magnetism always lag behind the 
changes of magnetizing force. This tendency to lag behind 
is called magnetic hysteresis.’^ When iron is magnetized, 
energy is given to it; when it is demagnetized, energy is 
tahen from it. When the magnetization is cyclically altered, 
there is a net loss, or rather a waste of energy (a transforma- 
tion into heat), the amount of which is proportional to the 
area of the loop. This heating Ewing explains thus : When 
the molecnle becomes unstable and tumbles violently over, it 
oscillates and sets its neighbours oscillating.’^ Heat is due to 
these oscillations. When heated, iron is found to he more per- 
meable to magnetization, until a stage is reached, at a high 
temperature, when the magnetic quality vanishes almost sud- 
denly. This increase in permeability seems to be due to 
expansion, so that the molecular centres lie further apart, 
and also to the fact that the molecules are thrown into vibrar 
tion. Thereby the molecules tumble more easily from one 
ponp arrangement into another. As to the loss of magnetic 
property, Ewing says: ^Ht is at least a conjecture worth 
consideration whether the sudden loss of magnetic quality 
at a higher temperature is not due to the vibrations becom- 
ing so violent as to set the molecules spinning, when, of 
course, their polarity would be of no avail to produce magnet- 
ization.’^ 

The study of the magnetic properties of iron and steel has 
received a powerful sHmulus from the demands of the design- 
ers of dynamos, motors, and tuansformers. The accurate 
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measurement of the relation of various magnetizing forces 
to the magnetizations produced "in a given piece of iron or 
nickel was first undertaken by Henry A. Eowland.^ Eow- 
land’s were the first experiments on this subject, in which 
the results were expressed in absolute measure, and the rea- 
soning is Carried out in the language of Paraday’s theory of 
lines of magnetic force. Eowland pointed out that the flow 
of magnetic lines of force through a magnet admitted of 
accurate calculation, and that the law ^4s similar to the 
law of Ohm.^’ The word ‘^permeability,’^ denoting the ratio 
between the magnetizing force and the resulting magnetization, 
was proposed by Lord Kelvin. 

A concept which is finding wide application in theoretical 
physics is that of potential. Its origin we owe to the mathe- 
maticians, Lagrange and Laplace, who applied it to gravitation 
problems. The first to apply the potential function to a dif- 
ferent class of problems was George Green (1793-1841), who 
introduced it into the mathematical theory of electricity and 
magnetism. His paper of 1828 escaped the notice even of 
English mathematicians until 1846, when Lord Kelvin had it 
reprinted. Meanwhile all of Green’s general theorems had 
been rediscovered by Lord Kelvin, Michel Chasles, J. C. E. 
Sturm, and Gauss. The mathematicians defined potential as 
that function whose differential coefficient with respect to an 
axis of codrdinates is equal to the force acting along that axis. 
When the ideas of energy and work came to occupy a more 
central position in the minds of physicists, the term “potential” 
was interpreted as signifying work done or energy acquired. 
Eor instance, “ electric potential at any point is the work that 
must be expended upon a unit of electricity in bringing it 
to that point from an infinite distance.” The notion has 




1 PM. Mag. (4), Vol. 46, 1873, p. 140. 
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been made use of in elementary instruction, and bas often 
been explained by its analogy to temperature or difference of 
level. 

After the time of Halley, charts showing terrestrial declinar 
tion were published by Mountain and Dodson, Beilin, and 
John Churchman (Philadelphia, 1790; London, 1794). The 
question as to the number of the earth’s magnetic poles con- 
tinued to be agitated. Christ(y^her Ilansteen (1784-1873), 
director of the astronomical observatory at Christiania, in 
1812 attempted to answer the prize question of the Royal 
Danish Academy of Sciences, viz. Is it necessary, in order 
to explain facts in the earth’s magnetism, to suppose more 
than one magnetic axis in the earth ? ” He held the affirma- 
tive view. Making terrestrial magnetism his life study, he 
endeavoured to subject to mathematical analysis all observa- 
tions, with the view of testing rigorously Halley’s speculations 
as to the existence of four magnetic poles in the earth. From 
secular changes in the lines of equal declination he inferred 
that there were two northern magnetic poles, moving obliquely 
toward the west, and two southern poles, moving toward the 
west ; that the shortest time in which all the poles return to 
the same relative position agreed closely with the period of 
revolution in the precession of the equinoxes. ^^By the 
liberality of the Norwegian government he was enabled to 
go to Siberia, in company with Due and Erman, to search for 
the ideal point of the Asiatic pole of magnetism. They 
started from Berlin, April 26, 1828. . . . Ten magnetic ob- 
servatories were established in the Russian empire by the 
recommendation of Humboldt, and great results were reached 
by Gauss, Sabine, Lament, and others from the materials col- 
lected by Hansteen and Erman. Hansteen ascertained beyond 
dispute the existence of a magnetic pole in Siberia supple- 
mentary to that in British America, and also the bi^xal char* 
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acter of the earth’s magnetism.”^ The fact that the earth’s 
magnetism in the northern hemisphere reaches a maximum in 
two places^ viz. in the north of Canada and in the north of 
Siberia, proves conclusively that the earth is not a single mag- 
net. But neither Hansteen’s theory nor that of Sir Edward 
Sabine (1788-1883) seem to be in accordance with observations 
of more recent years. The cause of the earth’s magnetism 
and its secular changes continues to be a mystery.^ 

An important step toward the accurate study of terrestrial 
magnetism was taken in Germany by Oarl Friedrich Oauss 
(1777-1855), who, in conjunction with Alexander voyi Humboldt 
(1769-1859), organized the German Magnetic Union. Its 
object was to take continuous observations of the magnetic 
elements (dip, declination, intensity) at fixed points. Obser- 
vations were begun in 1834 and were mostly concluded about 
1842. Gauss and Wilhelm Weber (1804-1891) of Gottingen 
designed the instruments used in these measurements. Gauss’s 
theory does not aim to investigate the cause of terrestrial mag- 
netism and its changes, but is simply a mathematical presentar 
tion of the distribution of magnetism* over the earth’s surface. 

‘Speculations have frequently been indulged in as to the 
magnetic and electric relationship between the sun and the 
earth. As yet, nothing very conclusive has been adduced.^ 

In a paper on terrestrial magnetism, read in 1832, Gauss 
proposed a system of absolute units. Since all forces may be 
measured by the motions they produce, only three fundamental 
units are necessary, viz. a unit of length, of time, of mass. 

1 Proc. Hoy. Soc. of London,, Vol. 24, 1876-1876, p. v. 

2 Consult further A. W. Ricker, “ Recent Researches in Terrestrial 
Magnetism,” Nature^ Vol. 57, 1897, pp. 160 et seq. 

* Consult the “Abstract of a Report on Solar and Terrestrial Magnet- 
ism” by Frank H. Bigelow, Bulletin No. 21, IT. 8. BepaHment of 
Agriculture^ 1898. 
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The advantage to be gained is this : If all practical units are 
derived from these- three, then all results of measurement are 
comparable with each other. Gauss took as the unit of force 
that which gives to unit mass in unit time a unit velocity. As 
the unit of magnetic intensity he chose that quantity which, 
acting upon an equal quantity at unit* distance, exerts unit 
force. Gauss’s use of absolute units in the measurement of 
terrestrial magnetism led his colleague at Gottingen, Wilhelm 
Weber, to introduce absolute units in electricity. His first 
papers on the subject were published in 1846, 1852, 1856. As 
practical units of resistance, Moritz Hermann Jacobi at St. 
Petersburg recommended a copper wire of given dimensions, 
the resistance of which Weber determined in absolute units. 
As a copper resistance was found to vary in time, Werner 
Siemens (1816-1892) of Berlin, in 1860, proposed as a practical 
unit the resistance of a mercury prism one metre long and one 
square millimetre in cross-section, at 0® C. Siemens’s unit ”). 
Weber determined this in absolute units. In 1861 the British 
Association and Royal Society of London appointed a com- 
mittee, with Lord Kelvin at its head, to recommend a unit 
("B. A. unit”). Weber’s absolute unit of resistance was a 
velocity. The British committee adopted this unit in principle. 
In 1881, at an international congress of electricians in Paris, 

, Weber’s absolute system was adhered toj only, the centimetre, 
second, arid gramme were selected as primitive units, in place 
of the millimetre, second, znd milligramme, used by Weber and 
Gauss. As the ohm the congress selected 10® times the velocity 
of one centimetre per second. At this time definitions were 
given also to the volt, am^^re, coulomb, and farad, along the 
lines previously marked out by Weber.^ The subject of 

^ Roseiobbroer, m., pp. 302 , 614 - 619 ; A. Kibe, ^‘G^cMchte dei 
Absoluten Masseinheiten,’’ Jahresh. d Mnigl. gymnadMms zu Bonn, 
1890 ^ 
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^dimensional equations” was first systematically presented 
by Clerk Maxwell 

The securing of a convenient, invariable resistance, equal to 
10^ absolute units, has been a difficult task. The B. A. unit 
was a little too small. The ^4egal ohm” was provisionally 
adopted in 1883 by a conmuttee appointed by the congress of 
1881. It was the resistance at 0® 0. of a column of mercury 
1 square millimetre in cross-section and 106 centimetres long. 
Competent investigators like Rayleigh and Mascart contended 
that this column was a little too short, but some smaller values 
obtained by certain 63C|)erimenters led to the adoption of the 
mean value 106 centimetres. The '4egal ohm” satisfied no 
one and failed to lieeome legal in any country.^ 

Hmry A, Howland, after pointing out errors in some of 
the determinations previously made, found the length of the 
mercury column in (question to be 106.32 centimetres. At the 
meeting of the British Association in 1892, German, French, 
atid American physicists were invited to take part in the con- 
sideration of electrical units. The A. unit” and the 
^degal ohm” were abandotied. The ohm was defined as the 
resisfcancse offered by a column of mercury at the temperature of 
melting ice 14.4521 grammes in mass, of constant cross-sectional 
«ea, and of the length of 106.3 centimetres. By specifying 
the mass of the mereury, instead of the cross-section of the 
column, any error arising from the uncertainty as to the exact 
volume of a gramma of mereury at 0*^ C. was avoided. A system 
of inimmUomd units wm adopted at the congress held in 
Chicago in 1893 during the World^s Fair. The ohm, as defined 
to 1892, became the iMimaiioml ohm. The other units were 
i^ned, Ineiuding the puk m a unit of work, the waU as a 
imit of power, mad the henij as a unit of self-induction. ' 


X «. a CAmmAMf ia mmrn, VoL 21, 1898, pp. a, Bt 
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The electric discharge through partial vacua was carefully 
investigated after the middle of the century. In 1853 A. 
Masson, of Paris, sent the discharge from a powerful liuhin- 
korff coil through the Torricellian vacuum. J. F. Gassiot 
thereupon constructed for experimental study tubes containing 
a trace of different gases. A few years later, Heinrich Geissler 
(1814-1879), a glass-blower in Tubingen, later proj)rietor of 
a manufactory of physical and chemical apparatus in Bonn, 
began to prepare such tubes with so great skill that they 
have since been named Geissler tubes.’’ This designation 
was proposed by Pltlcker, who said, “ I give them this name 
and justly so, although the first tubes were' not prepared by 
himself.”^ The discharges through these tubes were of great 
beauty, but hardly afforded a deeper insight into electricity 
or the theory of gases. With the improvements in mercury 
air-pumps and the attainment of higher degrees of rarefac- 
tion, the phenomena assumed a wider range. TF. Ilittorf, of 
Minister, in 1869 noticed that the dark space separating the 
negative pole from the negative glow increased in width, as 
exhaustion was carried further and finally filled the entire 
tube ; that the discharge from the kathode caused considerable 
fluorescence against the glass. More striking and impressive 
were the experiments which William Crookes began to publish 
in 1878. Crookes was born in London in 1882, and in 1859 
founded the Chemical News. His experiments on high vacua 
began in 1873, when, in course of an investigation of the 
atomic weight of thallium, he attempted to perform the deli- 
cate weighings in a vacuum, in order to avoid the effect of 
the buoyancy of the air. When heated bodies were weighed 
m his exhausted metallic box, the balance showed irregularities 
m action which he could not explain by currents of air result- 


^ HI., p. 521. 
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ing frous diiT(u-<‘nc‘t‘s in tenipcn-aturo. ('rookcH undertook a 
thorough invt'siigaiion of the phenomenon; and was led in 
1875 to the invtmtitm of the famous radiometer. At first 
(Jrookes aiid otheu’s imdined to the opinion that the rotation 
of the van(*H was <lue to the direc,t impact of ether-waves. 
But (Jrookt‘S HucctH'ded in carrying the exhaustion of the bulb 
to such a degr«*.e that the vanes no longer rotated. Hence 
Tait, Dewar, and himself invoked the aid of the modern 
kinetic*, theory of gaHC‘H, and attribute.d the effect to the mole- 
cules of thee residual gas. Tin*, molecules impinging upon the 
heated blai*k surface of tin*, vain*, rciboundcul with increased 
momentum, and by their rcmd/ion propclh*.d the vaiuis. A 
inathemaii<*al iuvc*Htigatiou (»f this action, based on the kinetic 
theory of gaHc‘H, was given ley (llerk Maxwell. In 1878 
Cremkes ioiU'lnsl tint line of Hittorf’s researcdies, which were 
apparently unkmnvn to him. The thichness of tiio dark space 
observed Ijy him and llittorf he took to bc^ the ‘^measure of 
the mean free patli Indwecm suecc^ssive collisions of the mole- 
cules of the residual gas.” In his highly exhausted tubes 
incdecmleH of the gaseous residue are able to dart across 
the tube mdth eomparativedy few eollisions, and radiating from 
the jiole wiili mummmn velcH?ity, they assume properties so 
novel ami so eliaracderistic as entirely to justify the applica- 
liiiit of the ti*ri« iKirrowed from Faraday, that of ‘‘limiiant 
Matif^r.” By la*aiitiful exiairiments he proved that Radiant 
Matter” procuuids in straiglit lines, casts slnulows when inter- 
cepted by solid iiiattcr, Is capable of turning a small wheel, 
is ilcHeetfid by a iniigtiet (sbown previously by Hittorf and 
othcri). The state and bthaviour of the residual gas in 
<Jwioke*»’s liiflily ciliaiisted tuls^s was such that he thought 
liiiiiscif jiiitiiecl in calling this an ** uttragaseoui state,” or a 
** fourth state ” of inatter, differing as much from the gaseous 
m clotfi the gwemw from tim Ihiuid 'state* The theory of the 
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fourth, state has been much criticised, particularly by the 
Germans, and is not generally accepted. 

While in the days of Gassiot the discharge from the anode 
■^^as the subject of greatest attention, that from the kathode 
still monopolizes the interest. Hertz found that the kathode 
rays ’’ "will pass through metal foil. His assistant, F. Lenard, 
prepared a vacuum tube with a small window of aluminium 
foil, through which he passed the kathode rays’^ out into 
the air. They still retained their power of exciting phos- 
phorescence, but could not be made to travel through air but 
a short distance. Lenard held that his rays were not flying 
particles but phenomena in the ether.’^^ While the discus- 
sion over the nature of these mysterious rays was in progress, 
Wilhelm Konrad Rontgen,^ of Whrzburg, in 1895 discovered 
a new kind of rays which at once caused a sensation through- 
out the civilized world. He found that a Crookes tube in 
action emits a radiation which causes a paper screen washed 
with barium-platino-cyanide to light up brilliantly or to flu- 
oresce. Paper, wood, aluminium, and a great many other 
substances which are opaque to ordinary rays were found 
transparent to the new radiation. The fact that animal 
tissues are transparent and bones somewhat opaque, makes 
it possible for the skeletons of human beings to be photo- 
graphed, the resulting negatives being of the nature of shadow 
pictures. The nature of the new rays being unknown, Eontgen 
called them “X-rays,” but they are usually and more appro- 
priately called “Kbntgen rays.” They show no perceptible 
refraction, nor regular reflection and polarization. J. J. 
Thomson made an experiment which seemed to prove that 

1 See Lenard’s papers in MectHcian (London), ToL 82, March 23, 
1898 ; Vol. 38, 1894, p. 108. 

2RONTOBX, “On a New Bonn of Badiation,” Mecirician (London), 
Yol. 86, 1896, pp. 416-417, 860, 86L 
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Eontgeii rays and kathode rays were different, inasmuch as 
kathode rays inside a vacuum had no power of exciting the 
photographic plated He also found that these rays niake 
insulators conduct and consequently are able to discharge elec- 
trified bodies. Improved tubes — the so-called focus-tubes^^ 

— were designed for radiography. An important discovery 
which appears to be a link towards establishing continuity 
between the old and the new forms of radiation was made in 
1896, in Paris, by Henry Becquerel, of the Conservatoire des 
Arts et Metiers. He is the son and successor of Edmond 
Becquerel and the grandson of A. C. Becquerel. He observed 
that certain uranium compounds, after exposure to sunlight, 
emitted radiations which, like Ebntgen rays, could pass through 
plates of aluminium or of cardboard, but which could also be 
refracted and polarized. Allied to both of these are the rays 
emitted by thorium and its compounds, which were discovered 
almost simultaneously by Sklodowska Curie and Gr. C. Schmidt. 

Thorium rays can be refracted, but cannot be polarized by 
transmission through tourmaline. 

We have two methods for producing very high differences of 
electric potential : one is by induction coils like Euhmkorlf's, 
the oAer is by electrical influence machines. These machines 
have been evolved from the electrophorus of Volta, through 
the improvements due to Georg Christoph Lichtenherg (1742- 
• 1799) of Gottingen, Abraham Bennet, Tiberius Cavallo (1749- 
1809) of Ijondon, William Nicholson (1753-1815, editor of 
MchMson^s Journal of Natural Philosophy, Chemistry, and the 
Arts, London), Belli, Varley, 'Kelvin, Topler, Holtz, Wimshurst, 
and others. ’ j 

The first marked advance in the design of these machines f 

I 

1 It becomes more and more clear that kathode rays consist of electrified I 

atoms or Ions in rapid progressive motion, and that BOntgen rays are J 

waves or puhm in the ether. ' | 


I 
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was made ia 1865. In that year machines were brought oat 
by A. Toiler of Doxpat, later professor at the Polytechniciim 
ia Dresden, and by W. Holtz. The latter soon improved his 
machine, while Topler, in 1879, united the principles of the 
two machines into the “ Topler-Holtz machine.’^ A. similar 
one was constructed in 1880 by the mechanic, J. R, Foss, of 
Berlin. The machine with radial strips of tin-foil and contact 
brushes was described by Holtz in 1881,^ and again in 1882 
and 1883 by James Wimslmrst,^ who made his improvements 
independently of Holtz.^ 

Thermo-electricity was discovered in 1821 by Tliomxs Johann 
Seebeck (1770-1831). He was born in Reval (Esthonia, 
Bussia). At the age of seventeen he left his native country, 
never again to return. He studied medicine in Berlin. Being 
well off, he was free to devote himself to science. Troni 1802 
to 1810 he lived in denUjand had a personal acquaintance with 
Schelling, Hegel, Bitter, Go the, and other prominent men. 
Unfortunately he allowed himself to be completely dominated 
by the erroneous anti-Newtonian views on colonr, so elaborately 
and confidently set forth by G-othe in his Farbenlehre. Being 
elected a member of the Berlin Academy of Sciences in 1818, 
Seebeck took up his residence in that city. Oersted^s experi- 
ment induced him to enter upon a long series of electric inves- 
tigation. With the view of verifying certain speculations 
regarding the magnetic character of the electric current, he 
established an electric circuit consisting partly of copper and 
partly of bismuth. One metallic junction he held in his hand. 

Uepenboen-’s Zeitschr.J angewandte Elektr., 1881, p. 199. 

® Engimeriug^ Tol. 36, 1883, p. 4. 

® Consult articles on the theory of recent types of machines, writtin by 
Holtz, WinashuTst, and V. Schaffers, in Ulectrician (London), Yol. 35, 
1896, pp. 382-388. See also John Gbay, Mectrical Injlu^ific& Machines, 
Whittaker & Co. 
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lie Hatinfic^d liiiuHtdf tliat tho, resulting deflection of tlie 
galvan(nnot(‘r uc{*dli* arcmc^ from the differencte in temperature 
of iht? mfdallic juuc.tious, brought about by the heat from, his 
hand, lb** found similar tdf(‘.(;ts by cooling one of the junc- 
tions ; th(^ cdlects vari(;d for diftenmt metals, and were greater 
for greutiu* difl’erc‘nct‘B of temiperaturci. lie used the expres- 
siou ^Mhermoimignctic ” currents, and later objected to the 
term thernuMdeetritt.^’ 

I'hirieen years aftt^r Seebeck’s discovery, Jean CharleH 
AthaniiHe Peitwr^ (ITHo-lH-Ifl), a Parisian watchmaker, who 
dfi voted tlie latter |)art of his life to Hcientitlc pursuits, demon- 
strated that, eonverstdy, an elee,tric»- current iuay produce nut 
only heat but also (add Iti co[)per-aiddmony junctions he 
found a hc*aiing of 1(P where? tin? current went from antimony 
to (*o|iper, ami a csioling of 5** wliere it went in the opposite 
direction. Greater differemtes ^vevi^ found for bismuth-anti- 
memy joints. IMnriek Frmlnch Emil Lenz (1804-1865), well 
known for his law of (dftctnniiagnetic induction, stxcceeded in 
frcs'zing water hy the Peltier effect. 

After the principles of electromagnetism were established 
!>y Ifaraday anil Henry, constant efforts were made in tlie way 
of |jriM!tical application. The early dynamo machines laboured 
under two fliffectts: the magnetic intensity was not adequate or 
properly applied, and the electric currant generated was not 
sufliciciritly steady. The concentration of the magnetic lines 
of force ill a {Miwerful field batweem the magnetic poles was 
etfected in 1856 by Whm€r in Ilerlin through his 

improved sliiitt!ii arnmtiirci, witli its coils of wire wound upon 
a g waived iron mm. Ten years later Ilmvry Wilde of Man- 
chciter siitmiitiited elecfcroni^nets for tlm permanent steel 
inapiete privioiiily employed. Ha took three Siemens 


I 8#§ Filtler’'* In Bmithionian Mepo-Ht 1807, pp. 158--202, 
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machines, two of whicli had electromagnets. The machine 
with steel magnets generated a current which was used to 
excite the field magnets of the second machine ; the armature 
current from the second excited the field magnets of the third. 
The current from the last was used in experimentation. An 
electric lamp was made to give an intense light, which caused 
great astonishment among the populace. When passed through 
a convex lens, the light ignited paper. The electric arc melted 
not only iron wire, hut a rod of platinum 6 millimetres thich 
and 61 centimetres long. The arc was still a novelty to people, 
notwithstanding the fact that sixty-six years earlier, in 1800, 
it was noticed by Sir Humphry Davy, and at a still earlier 
date by J. W. Hitter. Davy used in his experiments a battery 
of 2000 cells and rods of charcoal. 

In 1866 Werner Siemens demonstrated by the operation of a 
new machine of his own construction that electromagnets can 
he nsed without separate exciters, and that the field magnets 
may he excited by the current from the armature of the 
machine itself. This idea appears to have been in the air; 
for, ahout the same time and independently, it was advanced 
hy Murray j Cromwell Fleetwood Varley (1828-1883), (7. WJuat- 
stone, and others. In Siemenses armature the coils are wound 
around a cylindrical core. Another typical armature is that 
in which the coils are %ound upon a ring. This was invented 
in 1861 by Antohiio Faoinotti of . Tlorence, and again inde- 
pendently, in 1868, by Z^che Th^qpMle Gramme of Paris. 
Through Gramme this armature came to he extensively used. 
Since their day the construction of dynamos fox various pur- 
poses has been carried to great perfection. Machines of high 
merit were produced hy the Siemens brothers, Charles P. 
Brush, Thomas A- Edison, and others.^ 

1 For details see S. F, Thojop&oit, “ Historical Notes»” in J>ymmQ 
Mectrio Machinery. 
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Th(' tlp.sign ^'4' priu'lit'al iivnanM»,H niadi* t‘lrctr}r lighiiisg pim- 
gible An*-ligli1.ing was a aiirfp.Hg until laraiiM w«*n^ 

tlKiiiglit tar ri’iiiiariiig lighin gfat^atl in Marian auf.fuuutia 
in a,ia'l n^uiiawlait. of aa*ii otliar. Suah a 

regtilaior wan invaiitad in IKtT hv W. K. »Staiti*; lairr \\'f*riiar 
liipl olhara Wfirkail out. rlanigiai. Aiitoug tin* |♦a^^arli:l 
aril aliw'kwork IaiJi|iM» laiu|m, a!tit.a!i laiii|aL 

Fur lioiiiai illiyyinaiioii ura-liglitn wara iiof. wall adafitaii, 
A teii lirilliaiit Uglit wan naailad. fti tha yaara lH77 -IHHO 
irifiliiiiw iiro.HO to fha ainargaiiay by iho prodiiaiioii of iha 
Tin* naiaan aniawiatail with tliiM davaloja 
maul of a|»|>!iod idar^irsaity nvv IViimm *Viaoii and iMnr-- 

A%M io Kliglfiiid, lihnm S. Mnxim, WiUititn 
AVbfM tK J/oii, and I'hftmnn A. Ktiimm, 

In atrly axjwfriNiautH fdattnuin wiru ivaa im ili«* snla 

itoiiaa to Im liantad, to wliitaiia.HH by ibt^ paMiiagi* of iln^ aiia'f.rbi 
eiirraiit In Eflihon wa« ihtrH angagad, but. m'llliar |#liifd- 
niim ncir iriilitiiii aould l.ta ka|a fruin tha nnk of fuHipg. In 
Ih# iaitia yaar Hnwyar and Man of Kaw Vork triad to |irajmrii 
avticitt Mtnm froiii vi^gat-alila in^Miia. Hiay luidratoim^il to firo^ 
fitil of tb*^ libra by ftiling ilia gloln'* willi iiilfonain 

bill tlta |ir«ic*aiiii min not nnrrpmInU .Lniii^^Fox, m |l4?!b 
^ntinaad Ibiii itlntiitiiin and iriduifii wara iwab’i^n m britti|i*ii 
Itt ls»p, tiw«l mAnmi/rmI vf^gaiabla librtn, Hwan, iii Fidiriiiiry, 

■ lifft muilii m |rtililia «a;^|ii!.dtioii cd' i» jaiiifi naf li II c'lirlntfi lila^ 
IliWit in Bfmnmm hnlh HwaiFn Wiaranti fad Kilimiii lii iiliiiiitoii 
plftliiliiw mid iri«Iiiitii.» riiidt iii Ctat.ob^ri In? fiinl rniiniriirdatl 
i fictiunt laiiifi mdlli a tiliiifiaiil of !iitii|ililaak iiiid im mr^ 
toiittid# Iti daiitiiiry, Wm% Hwa.n j»ra|iar«4 iititiiiaiiln front 
twiii% }irw|iiirf*fl by iiiifiiffrnioit iti »iil|itiitria aaid iiw#i 
liltii ¥dUmm wiit mii itiifdtjrifrn iiilii llwilli A iiiarbm 

ini into Hit fw fhni in nf mttiabla tor atnl 

to IW tii|diiya4 a flat il-ri|i ut aartoiiiiptit tmiiilnifi tm n ik 
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inent. Most of the modern lamps have filaments prepared 
from parchmentized cellulose, afterwards carbonized. The 
race between the several experimenters was indeed close and 
exciting; numerous lawsuits over the validity of patents 
followed the commercial introduction of the new lamps.* 

The discovery that the action of the dynamo is simply the 
converse of the electric motor, so that the same macliine can 
be used either as dynamo or motor, was made by M. II. Jacobi 
in 1850. The principle of transmitting power from one 
dynamo as a generator to another used as a motor was first 
pointed out and demonstrated at the Vienna Exhibition in 
1873 by Fontaine and Gramme. Since then great progress 
has been made in the details of design of motors. 

After much experimentation in the United States and else- 
where on the design of electric railways, the first electric 
railway was put in operation by the firm of Siemens and 
Halske in 1879 at the Industrial Exhibition in Berlin.^ 

Up to 1883 the progress made in electric roads was mainly 
due to Werner Siemens in Germany, but at this time suV)- 
stantial advances were made in the United States by the 
labours of (7. J. Van Depoele, Leo Daft, F. J, Sprague, and 
others. 

The first polyphase motor was exhibited to the Eoyal Society 
of London in 1879 by Walter Baily. It was a mere toy and 
received no further attention. A two-phase motor was con- 
structed and used by Galileo Ferraris in his laboratory at 

1 For a fuller account see F. L. Fofb, Evolution of the Electric Incan- 
descent Lamp, 1889. 

® In the TJnited States, at this time, Edison, Stephen B. Fields, and 
Wellington Adams were experimenting on electric roads, and applying 
for patents. See W. AuAitfs, ‘‘The Evolution of the Electric Railway,’’ 
p. 9, reprinted from the /oar. of the Ass. of Eng. SooieUmf of September 
and October, 1884:. 
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'Furin in 1H85. 1I(> nsfd two iudinjeiidinit alternate currents 

of ilie .same |H‘riod, but in pliasc3 and tlms producing 

a rc)t>arj inagne.tic. liidcL I'hiukinK that no motor req[iiiring 
more iluin two win^H could inteu'est any one but the theoretical 
pliyHicist, ho did not iniblinh Ids rcHiilts till 1888d Only a 
few laoiithH later, couiiuenual motors baBCid on the same priu- 
cililcH were l>rought out hy mjcola Teda, then at Pittsburg, 
who hail miuh ilio ilisoovcuy iiidcpeudently. A remarkable 
roiarydiclii motor, dcvisc.il by Ikdivo DobrovjokJaj, was used 
at tiio Frankfort I^kposition of IBDl. Many forms of such 
motors have bocm iunustructed since and are meeting with 
extamdctl application in botli ICurope ami America. 

After the priiudplcH of electromagnetism were made known* 
thriingh the researclicH cf Faraday and Joseph 

Ihmiy, to!c»gniidiy seeuicd a comparatively easy matter. So 
many invcBtigat.ors busied thcnmelves with this idea, and per- 
forhicd cxprrinicniH whicdi were more or less successful, that 
it is difficult to assign the invention of the telegraph to any 
one iridivdfhial. The transmission of signals by electroinag- 
rictie apiairatiM was suggested by Ampere in 1821. Gauss 
and Whdmr at (•dttiiigen in 1B33 had a crude telegraphic line 
beiwern the Clbsermtarj and the Physical Cabinet, a distance 
of SOfMl floscpli Henry at Albany, in 1831, by the attrac- 
iioii of an cb^rtromiignet produced audible signals at a dis- 
tance. In 1837 Morse of New York devised a telegraph in 
wl licit the atirMtkm of an armature prodtieed dots and dashes 
upon a moving atrip of paper. Karl Augmt Steinheil of 
Miiriicdi fiiscovfTori that the earth may take the place of a 
wire for the return cireiiii The first commercial, line in the 
wm erecli<.l between Washington and Baltimore 

* Bm tm»latlciri of pftr In Mlmlridan (London), ToL 36, 18'9&, 
p. tSl I il» smurn, ¥oL 44, 18»l, p. 617.- 
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through the efforts of Morse. Samuel Fmley Breese Morse 
(1791-1872) was educated as an artist, and is the founder of 
• the llTational Academy of Design in New York. He studied 
art in the schools of the Continent. While on his ocean 
voyage homeward, in 1832, the first thought of the telegraph 
suggested itself to him. He experimented for several years 
with some success. Finally, his assistant. Dr. dale, applied 
the principles discovered by Henry to render Morse’s machine 
effective at a distance.^ After many discouragements, Morse 
established, by aid of the American government, the telegraphic 
line between Washington and Baltimore. On May 24, 1844, 
the message was sent from the rooms of tlie United States 
Supreme Court, ^-What hath God wrought ! Morse’s appa- 
ratus is now the most extensively used of all. 

In England the telegraph was developed by Wheatstone, 
William Fothergill Cooke, and Hughes. M(*4hods of duplex 
signalling (two messages sent simultaneously in opposite direc- 
tions) were devised by Wilhelm Oint (18(Xi-1883; professor 
at Gratz) in 1853 and J. B. Stearns of Boston in 1870; of 
diplex signalling (two messages sent at once in same direction 
through a wire), by StarTc of Vienna and Bossoha of Leyden in 
1855 ; of quadruplex telegraphy, by 0. Ileavuide of London in 
1873 and T. A. Edison of Newark in 1874. 

Experimentation on submarine telegraphy began as early 
as 1837.^ After some successes with shorter lines, the first 
Atlantic cable expedition was started in 1867. One of the 

1 See “ Statement of Professor Henry in Relation to the History of the 
Electromagnetic Telegraph,” Bmithsoniun MepoH-f 1867, pp. 99-106; 
“Henry and the Telegraph,” by Wxluam B. Tatloe, in Smithsonian 
Beport, 1878, pp. 262-860, containing much detailed information on the 
history of the telegraph. 

2por details consult W. E. Ayetom, ** Sixty Years of Submarine 
Telegraphy,” Mectridan (London), VoL‘ S8, 1897, pp, 646-649. 






KLKrTEIITrY ANI> MAONETIHM 


275 

ilrliulftl mmu'i ymvH wm tin*, probable.! speed 

igiiiilliiiK" f.liriiiigli a. ealilf 2CMMI miles IcHig. (Jreai vagtie- 
t.lir*ii rxintf'fi ;tH to till! \vay in whieh eleedrieity travelled. 

Itad i-troved in 18*14 mdili aid of revolviiig inirrors 
I ravel led witli a vebMUiy of 2HH,(KH) niileH pea' 
ml; liiii I*nihtit*r (lark, from ej£|'H*riiiieiits made! iti the 
oiire of Airy aiid Faraday ciii HIM) miloH of uiitlerground 
, mum to lie* I’iiiielittiiiii tltiifc it iemk half a Hec*oiid laddro 
miri’i’iit a|.i|M^aref! at the tiilier eiiti. Other ex|M!rimeiiters 
iiieil iiiti*riii«*tliat,e regiilin. 

If* ex|fla!iafiiiii of fJiifiii! iliserejiaiieies was givaii by a young 
, William Tiioiiimiii, now //iiti iidtrin^ in a eorre»|K)mlence 
Sir Oaiiiriid Hlokes* Tltm eorra«t>oodenee formed the 
i Ilf 11if.iiiim.iidH vi*ry iiii|-ecirtait paper, published in the 
«-eiliiigfi of till* Iloya! Hmdeiy in 18M. One of the first 
liisioiiH llieiirei.ieiilly deiltieoil by him was that eleetricity 
iif.i vi-liMity at all. dtwt m the thne for the flow of heat 
-igl! a rfi*! iiiily nil the rml, so the time before the 

Oil t«i appear ill Itie oilier end dei>end8 only on the 

tliaf iH, fill* jiriiiliifst Ilf im ras’litaneci and its elec- 

tiim impioaly. 1lio opiiiioii of well-known engineers of 

iiii«* opjiiifi<*il l« this. Tlioitison also triifi to make it 
I I lull li itiiiilil take so long for the enrreiit to reanh its 
ly Htatf* til lint mil of nil Atliintie eable that, If they ever 
:ril flit* they limit not wait/tw the mirrent, 

iitinl Hi'iifi iiie«gi*s wifb currents at the ¥iry begiiming 
liur growfli, AfiofJter iiiijiorfeiiit aonelusicm raaehed by 
wan tliaf. tint rofiArikiiioii of iigtiali . wiii proportional to 
%f|iiare «*f flit* leiigItL Hiofiisoti estimated the pwbable 
t of till* iiriipfi«i*il rablii at iliree words' pir iii.lrmte, Wer- 
"lietimiw Hi frtio word iwiiiiite, Sir CJliarlti .Bright at 
ir wiirili pr Th# resnlts ^t 6 tor>ordl- 

fm*m4mu 1.H words per .mititttt* On August 
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5, 1858, England and America bad the lirst cable commnnica 
tion. The President of the United States sent a message con- 
taining the prayer, ^^May the electric telegraj)]!, under the 
blessing of Heaven, prove to be a bond of perpetual peace and 
friendship between the kindred nations.” One hundred and 
fifty words were transmitted in thirty hours. As time went 
on the signals grew weaker, and in a month the Atlantic cable 
ceased to speak. William Thomson calculated what would be 
the best proportions for the new Atlantic cable, which was suc- 
cessfully laid in 1866. He designed apparatus to be used in 
signalling. The astatic reflecting galvanometer was a much 
improved form of the mirror galvanometer originally devised 
by Gauss and Weber, and employed on their telegraph line in 
GSttingen. Thomson’s galvanometer raised the speed of cable 
telegraphy from two or three to twenty-two or twenty-five 
words per minute. On account of the great fatigue to the eye 
in following the motion of a spot of light in the mirror gal- 
vanometer, it was discarded in signalling through cables, and 
Thomson’s siphon recorder” adopted. The researches of 
Thomson, as continued by Cromwell F. Varley, showed that 
the speed can be increased still further by sending a positive 
current, and then a negative one for a short time. 

The earliest record of a theoretical telephone was contained 
in Du Moncel’s ExpoBi dea AppliacUiom, Paris, 1854, when 
Charles Bourseul, a French telegraphist, conceived a plan of 
transmitting speech by electricity. The author says, Sup- 
pose a man speaks near a movable disk sufficiently flexible tc 
lose none of the vibrations of the voice; that this disk alter- 
nately makes and breaks the currents from a battery, you may 
have at a distance another disk which will simultaneously exe- 
cute the same vibrations.” Bourseul did not work out his 
ideas to a practical end. 

The next step in the history of the telephone is told by 
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I). K. HuglifJH, as f(illc)W8: I was invited by his Majesty the 
Kniperur Alexa,nd(*r I L (of Russia) to give a lecture before his 
Majesty, the FaupresH, and court atOsiarskoi Zelo, which I did; 
but as I wislH»d t(» prcHcnt to his Majesty, not only my own tele- 
graph iiiHtrunuuii, but all the latest novelties, l^rofcBSor Philipp 
Reis, of Friedtn-ickHdorf, Frank fort-upon-Main, sent to Russia 
his new telephone, with which 1 was enabled to transmit and 
receive perfectly all musical sounds, and also a few spoken 
words — tliuuglii these were rather uncertain, for at moments a 
word could lie clearly Inward, and then, for some unexplained 
cause, IK> wuirtls were jKissible. This wonderful instrument 
was based ii|k)U the true theory of telepliony. . . . ItB un- 
fortunate inventor died in 1874, almost unknown, poor and 
neglcctiKl; liut tltc (lerinan government has since tried to 
make reparation by m’hnowlcdging his claims as the first in- 
ventor, and erecting a monument to his memory in the ceme- 
tery of FriedericksdorfA’ * Eeis^ experiments were made in 
1861 

For fifteen years electric telephony was neglected, then, in 
1876, Akmmkr Orafmm IMl (Imm 1847) invented his wonder- 
ful tfdcjdiorie, whi<?h is still used at the present time as the 
" receiver/’ It was first exhibited publicly, but in an imper- 
fect form, at the CenimmM ExhibUim, at Philadelphia, in 1876. 
Bell was Imrii at Edinburgh, in Scotland, and took up his 
ftsiclenee in the United States in 1872. In a lecture delivered 
at Cambridge in 1878, Clerk Maxwell said that whan the news 
of BetPi invttitiori raachad England, he expected the new in- 
striiiiiitit to surplus the siphon recorder in delicacy and intri- 
caf*y m much m that excels a common bell-pull. But when 
the iiistriiiiieiit appeared, « consisting, as it does, of parts, every 

» EimrifMn (l^iiioa), Fob 84, p* 687. See S. F. TaoMWoir, 

miippMdBi ImOmn, im, ' 
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one of wliic]! is familiar to us, and capable of being put to- 
gether by an amateur, the disappointment arising from its 
humble appearance was only partially relieved on finding that 
it was really able to talk.^^ ^ 

Strange to say, on the very same day (February 14, 1876) on 
which Bell patented his telephone, Elisha Gray applied for a 
patent for an instrument of a similar kind. Later one com- 
pany took up the patents of both inventors. 

While Belhs instrument seemed perfect as a receiver,” 
it was defective as a ^^transmitter.” The first step toward 
remedying this defect was the invention of the carbon trans- 
mitter by Edison and of the microphone by David Edwin 
Hughes. Edison’s invention was brought out in 1877 and con- 
sisted of a vibrating plate abutting against a carbon button. 
The transmitters used in more recent telephony, such as 
Blake’s, Berliner’s,- Hunnings’s, and others are all con- 
structed on the principle of loose contact involved in Edison’s 
instrument.^ 

Hughes’s microphone is the same in principle as Edison’s 
transmitter, but its arrangement and action are quite different. 
In 1865 Hughes had experimented on Keis’s telephone. On 
hearing of Bell’s success, he resumed his investigation and 
produced the microphone. It was first exhibited in 1878 at 
his rooms to a company including Huxley, Lockyer, and 
W. H. Preece. The new apparatus was of the most primitive 
character, consisting of a child’s half-penny wooden money- 
box for a resonator, on which was fixed by means of sealing- 
wax a short glass tube, filled with a mixture of tin and zinc^ 
the ends being stopped by two pieces of charcoal to which 

^ Nature^ Vol. 18, p. 160. 

2 Consult W. H. Pejbecb, The Telephone. The reader will find ranch 
information in Thomas Gray’s article, “ The Inventors of Telegraph and 
Telephone,” Smithsonian Beport, 1892, pp. 689-657. 
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vere attached wircB, having a battery of three small Daniell 
cells — consisting of three sinall jam-pots — in circAiit. The 
wires wcwe led away to a Bell telephone placed in an adjoin- 
ing apartment. I’he money-box, which had one end knocked 
ont, servcMl m a mouthpiece or transmitter, while a Bell tele- 
phone was used as a receiver. Sounds scarcely audible . . . 
to the miassisted ear were . . . delivered with startling loud- 
ness through the Bell telephone.” ' 

SOUND 

In the eigliteenth century sound was studied mainly by the 
mnsicisns and iiiiithfunaticianB ; in the nineteenth century it 
beeanie a regular l>rane!i at research for the physicist. The 
father of aeouitics” is Ermt Floretw Friedrich Chladni 
(17S6-1827), born in Wittenbtirg. His father educated him 
for law, but after the daath of his father he devoted himself 
to icianet. His remiiiig of several papers on sound brought 
hiia to the <^vletioii ** that in tltat more remains to be dis- 
covaiyi, becmuio the mathematico-physieal assumptions are far 
more miigf© than is iiiiml in seienee*^^ EuIer^s and Ber- 
nonllFs matlieinalieal papers lad him to investigate sounding 
pklas. The iieccisity of earning a livelihood induced him to 
travel in order to give art performances and scientific lectures. 
H§ iiiveiitod a new muiical- instrument, the euphonium, on 
witch he performed during his travels in Germany, 'France, and 
Itoly* He itlio made a collation of meteorites. Inventive 
power, ready wit, and good nature distinguished Mm above all/^ ® 
Ohlidni eiprltnintolly studied the vibrations of strings, 

Wol* ISffi p. 4i7« For the origin »d development of 
Ai iwtielt^rd, hmln of toe telephone system,” see 

(t^m% fob 84, 1 w, p. m 

* Rwatjiaaot*, lli, p lt$. 
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rods, and plates. “Chladni’s figures” are celebrated; they e.'*' 

3 ,re formed by the sand collecting at the nodal lines of vibrat- 
ing plates. When Chladni, in 1809, exhibited his figures 
before the French Institute, they created great interest among 
the members, including Laplace. Napoleon had the experi- 
ments repeated for him at the Tuileries, and gave (Jhladni 
6000 francs for the purpose of enabling the latter to translate ' 

his Akustih (first published in 1802) into French. Chladni j 

discovered the longitudinal vibrations in a string or rod, as 
well as their application to the determination of sound velocity i 

in solids; he first investigated torsional vibrations in rods, j 

and determined the absolute rate of vibration of bodies. He | 

determined the velocity of sound in other gases than air by | 

filling organ pipes with the gas and then dedenuining the 
resulting pitch. An elegant method of comparing velocities 
in gases or in solids was invented in 1866 by A. Kundt. 

‘‘Kundt’s method” has been generally introc^uced into ele- 
mentary instruction. 

A far-reaching discovery, as important in light as in sound, 
was the principle of interference of waves^ which we owe to 
Thomas Young, He explained it in a paper of 1800, and later 
again in his Lectures on Natural FUilosophy. Wave motion 
was made the subject of careful study on the part of WilMm 
Weber and his brother, Ernst Heinrich Weber (1796-1878), who 
published, in 1826, their work, entitled Welletdehre. 

It was long believed that in liquids, sonnd waves, consisting 
of condensations and rarefactions, could not travel at all, for 
the reason that liquids appeared to be incompressible. The 
compressibility of water had been the snbj^t of experimenta- 
tion on the part of the Accademia del Gimento in Florence, 
sometime between 1667 and 1667* Hollow spheres of silver 
were filled with water, clewed tight, and then disfigured by 
hammering. The water was forced through the pores of the 
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metal Apparently water is incompressible. Boyle believed 
that water was elastic, but could not establish Ms view by 
conclusive experiment. In 1762 John Canton demonstrated 
before the Royal Society that water is compressible, but his 
test received little attention. More accurate figures on the 
degree of compressibility were obtained by Oersted about 1822. 
Like Canton, he experimented by subjecting the vessel contain- 
ing the water to the same pressure outside as inside, thereby 
preventing a change in its ciapaeity. His results indicated a 
diminution of the ,000047 th part of the original volume when 
the pressure was increased by one atmosphere. A somewhat 
larger value — .0000513 — was obtained in 1827 by Jean Daniel 
Colladouj professor of mechanics in Geneva, and Jacob Carl 
Franz Sturm (18()^1--1855) of Geneva, who, after 1830, was pro- 
fessor of mathematics in Baris. These co-workers determined 
also the velocity of sound in water. The experiments were 
made on Lake Geneva, between Thonon and Rolle, a distance 
of 13,487 metres. At one station a bell was placed under 
water and struck with a hammer; at the other station a 
specially prepared ear trumpet was dipped into the water. 
The velocity was found to be 1435 metres per second. Felix 
Savart (1791-1841), a teacher in Paris, and later conservator 
of the physical cabinet at the Oollfege da France, showed in 
1820 that sound waves are propagated in water in the same 
way as in solids, (Jagniard-Ijatour succeeded in imparting 
sound vibrations to water by means of the siren.' This ability 
of the instrument to cause audible sounds in water led 
Cagniard-Latour to name it a ^'siren.^' He greatly improved 
the siren and its mechanism for counting vibrations. This 
apparatus, together with other devices, was used by Savart in 
determining the limits of audibility. He could hear tones of 
bodies vibrating at the rate of 24,000 or 48,000 per second. 
The lower limit he placed at 14 or 16 per second. 
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A new epocli in tlie history of .the science of sound was 
created by Helmholtz^ who in 1863 published the first edition 
of his Lehre von den Tonempfindungeyi, The third German 
edition of 1870 was translated into English by Alexander J, 
Ellis in 1875. New German and English editions have 
appeared since. Helmholtz attributes musical tones to peri- 
odic motions in the air; he distinguishes musical tones by their 
Intensity, Pitch, and Quality. The Quality of a sound he 
found to be determined by the upper partial tones,’^ which 
are called by Tyndall overtones.^^ Nearly all musical tones 
possess these overtones, the number and relative intensity of 
which determine the Quality. G. S. Ohm was the first to point 
out that there is only one form of vibration which will give 
rise to no harmonic upper partial tones, but consists only of 
the prime tone, viz. the form of vibration peculiar to the pen- 
dulum and tuning-fork. Helmholtz made experiments show- 
ing the direct composition of vowel qualities, which were 
‘^essentially distinguished from the tones of most other 
musical instruments by the fact that the loudness of their 
partial tones does not depend solely upon their numerical 
order, but preponderantly upon the absolute pitch of those 
partials.” “If only the unevenly numbered partials are 
present (as in iiarroyr stopped organ pipes, pianoforte strings 
struck in their middle points, and cl|rinets), the quality of 
tones is hollow^ and, when a large number of such upper par- 
tials are present, nasal. "When the prime tone predominates, 
the quality of lone is rich; but when the prime tone is not 
sufficiently superior in strength to the upper partials, the 
quahty of tone is poor.^^^ Helmholtz devised spherical reso- 
nators by which he analyzed the human voice and musical 
tones in general. He also, by synthesis of sounds from tuning- 

1 Helmholtz, SemaHons of Tone^ trans. by Ellis, London, 1886, 
pp. 118, 119. 
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forks, oporatod by oloctrmnagnefcic apparatus, succeeded in 
prodticing ari.ifudal vowels, which were close imitations of the 
vowcds of the huniaii v(>iee. In the same way he simulated 
the (puility of iam of organ pipes, although the '^whizzing 
tioise, formod by breaking tlui stream of air at the lip, is 
wanting in thcHO imitations/’ 

The. study of ‘"bc.ats” hul Helmholtz to a new theory of 
liannoiiy. Pythagoras had made the discovery that the sim- 
pler the rati(^ of the two lengths into which a string is 
divided, the* more perfect is the harmony of the sounds pro- 
dmtei! hy theses two parts of the string. Later it was shown 
hy iiivesiigaiors that the strings act in this way because of 
thi redaiitm of their lengths to the rate of their vibrations. 
Why Himplieity should give pleasure remained an enigma, 
even after Euler \ml cUndared that the human soul takes a 
constitutional dtdight in simple calculations. Helmholtz, by 
means c>f a costly polyidionic siren, which he had constructed, 
experimented on iKiats. In the case of two simple tones, 
the number of I mats in unit time is equal to the difference 
in the rates of vibration. If the number of beats is 33 per 
secoiiiE then the dissonance is intolerable j if the number is 
smaller or larger, the effect is less disagreeable ; if it exceeds 
132 , then the impleasimtnasi totally disappears. If each sound 
has its overhitMis, then#ia question of harmony or dissonance 
k more coin{di<mteci. "Bmfcs arising between fundamentals 
and overiones, or between the overtones themselves, must be 
brouglit cciniideration. It is found in a general way that 
as the difforeiicfi in pitch of two musical tones is so varied 
that the disturbing action of beats becomes more and more, 
pronounced, the tiiiml>er expressing the ratio of the vibrations 
of Ilia two ftinclaiiieiitak becomes larger and larger. Thus, 
Helinliciltzk tlieory explains how it is that the simpler ratios 
in music are the more agreeable. 
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Helmholtz^s theory of harmony met with much criticism oi^ 
the part of musicians and philosophers, but the attacks were 
unsuccessful, and the opposition to it has disappeared. 

When two simple musical tones are sounded together, there 
occur two sound phenomena: (1) the heats discussed above, 
(2) combinational sounds. .The latter are of two kinds: the 
mmmational tones, discovered by Helmholtz, and the differen- 
tial tones, discovered in 1744 by the German organist, Andreas 
Sorge, and again by the celebrated Italian violinist, Giuseppe 
Tartini. Suppose the two simple tones have, respectively, m 
and n vibrations per second, then the rate of vibration of the 
differential tone is m — n, and of the summational tone m + n. 
To produce the differential tones it is necessary that the 
primary tones be of considerable intensity. Helmholtz used 
for this purpose the siren. The summation tones are much 
more difficult to observe. They were predicted and discovered 
by Helmholtz. Rudolf Khnig, the celebrated acoustic in- 
strument maker in Paris, entertained views which in some 
respects were contrary to those of the great German investi- 
gator. Koiiig held the opinion that when rapid beats set in 
they themselves give rise to new tones. This theory was not 
new; it had been held by Lagrange and Thomas Young, but 
was rejected by Helmholtz. With aid of large tuning-forks of 
his own make, Konig endeavoured to demonstrate the correct- 
ness of Ms view. Konig was not sure that he could detect 
with his tunihg-forks the presence of summational and differ- 
ential tones, but he claimed to hear tones of the rate of vibrar 
tion indicated by m — and (t? 1) n — m, where m > n and 

V is a whole number, so that vn and (i? -[- 1) ^ are rates of 
vibration of those harmonic overtones of the lower tones 
wMch immediately enclose the higher tone. W. Voigt^ in 
1890, concludes that both the combinational tones of Helm- 
^ Wiedemmn^s Amodm, P., Vol. 40, pp. 652-S60. 
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holtz and the beat tones of Konig can theoretically be pro- 
duced, and that the one system or the other will predominate 
according to circumstances. If the energy of the two vibrations 
approaches equality, combinational tones are more prominent ; 
otherwise the beat tones will be more easily heard. 

Konig improved an invention by E. L^on Scott of the year 
1859, and brought forth the well-known manometric-flame 
apparatus for the analysis of sound. The phonograph of 
Edison, first described in 1877, has been found serviceable 
for the same purpose. 

To study the composition of vibrations, JuL Ant, Ldssajous 
(1822-1880), professor at the College Saint Louis, in Paris, 
devised, in 1855, a very elegant method. The two vibrating 
bodies (tuning-forks, for instance) were supplied with small 
mirrors. A ray of light was reflected from one mirror to the 
other, and then to a screen. Usually the bodies were so 
placed that their planes of vibration were perpendicular to 
each other. The curves thus traced by the spot of light on 
the screen are known as ^^Lissajous^s figures,^^ but they 
had been discovered long before in the United States by 
Nathaniel Bowditck of Salem, Massachusetts. In 1815 Pro- 
fessor Dean, of Burlington, Vermont, published a memoir, on 
the motion of the earth as seen from the moon,” and devised 
the compound pendulum for illustration, which is supposed to 
have been introduced into science twenty-nine years afterwards 
by Blackburn. This paper induced Bowditch to examine the 
theory of the motions of a pendulum suspended from two 
points, and to make a few experiments to test his theoiy. He 
drew figures which are the same as the curves of Lissajous.^ 

^ Consult 3. LovBBiisro, ** Anticipation of the Lissajons Curves,” in 
Froc, of the Am, Acad., N. S., Tol. 8, pp. 292-298; for Bean’s and 
Bowditch’s papers see Memoirs of Am* Acad, of Arts and Sciences, 1st 
Series, Vol. Ill , 1815, pp. 241, 418. 


THE EVOLUTION OF PHYSICAL 
LABORATORIES 


It would be useless to search Antiquity or the Middle Ages 
for laboratories devoted to physical investigation. Before the 
time of Gahleo and of Gilbert of Colchester the necessity of 
experimentation was usually overlooked. Hard thinking was 
frequently regarded as the sole requisite for scientific dis- 
covery. It was not until the time when Gilbert constructed a 
sphere out of loadstone and showed that our earth behaves 
magnetically much like his miniature representation of it, 
that the experimental method secured a firm foothold among 
physical philosophers; it was not until the young Galileo 
ascended the leaning tower of Pisa and dropped iron balls of 
different weights to show that a light ball will fall with the 
same acceleration as a heavy ball, that the Aristotelian idea 
concerning physical research was abandoned. The simul- 
taneous clang of those two weights, as they struck the ground, 
" sounded the death-knell of the old system of philosophy and 
heralded the birth of the new.’^ 

It is amusing to observe that in those days many people 
reputed for wisdom looked upon experiments as dangerous to 
intelleetual and moral life. In a history of the Eoyal Society, 
written in 1667,^ the author deems it necessary in all seiious- 

^ Tho. Sprat, The MUory of the Moyal Society of London^ 1667, pp. 
328, 828. CoDstQt also Bobept Boyle, The Usefulness of Experimental 
Philoa(^hy; by Way of Exhortation of the Study of it, in three parts, 
Oxford, X6d3, leyit Be argues that experimental scieifee does not lead 
to atheism. 
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ness to defend experimentation, arguing that ^^experiments 
will not injure education,” that ^^experiments [are] not 
dangerous to the universities.” The arguments were neces- 
sary indeed, for the Oxford pulpit declared that Eobert Boyle^s 
researches were destroying religion and his experiments were 
undermining the tinivorsities.^ 

The advent of the experimentalist marts the origin of 
laboratories. We do not mean laboratories of the modern 
type. Previous to the nineteenth century all of them, with 
hardly any exception, were private laboratories owned by 
individual investigators or their patrons. 

Tor chemistry and astronomy, laboratory facilities were 
established much earlier than for physics. To the present 
day the word Laboratorium ” carries in Germany the mean- 
ing chemical” laboratory.^ The Middle Ages had its labora- 
tories for ahdiemy and astrology. The search for the elixir of 
life and thcj key to the transmutation of metals stimulated 
activity. These were studies congenial to the avaxice of the 
human heart. In the gallery of the Louvre in Paris is a 
painting by the Flemish artist Teniers, the elder (?). It 
represents a chemical laboratory of the sixteenth century.® 
The artist portrays a large basement room with forge-furnaces. 
The floor is covered with alembics, crucibles, and retorts. A 
group of enthusiasts are seated round one of the tables. Allow- 
ing somewhat for the imagination of the artist, this painting 
probably pictures to us the more luxurious q[uarteT8 enjoyed 
by alchemists who commanded the purse and protection of 
some powerful patron. The majority of alchemists experi- 

1 A I>. ‘W'ltiTB, Toi 1, p. 405. 

* See articles ‘'‘Labomtoriiim ” in Bbookhaits’s or Mbybr’s Konnrsa- 
tions-Lezikon. 

® See a reproduction of the picture in Jehmon^s Unimrsul Cycloj^oRdia^ 
aixticle, “.Laboratoiiei.” 
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mented in secret retreats far from hixurious. Even after the 
complete victory of the indmjtive method, experimental m 
search was usually carried on in roomn intended for domestic 
or commercial purposes. As late as the beginning of the 
present century, the lal)oratory of Urn most distinguished 
chemist of his day, Berzelius, was his kitehen, in which 
chemistry and cooking went on together. When, tlirongh the 
influence of Gilbert, Galileo, and their successorB, physics 
began to be an experimental science, it was generally pursued 
in the same apartments as its sister stdence, chemistry. 
Formerly specialization was leas marked than at i>reBent and it 
was no uncommon thing for a scholar to be a master in several 
branches of science. 

The earliest x>by8ical experiments were nuMle in private 
laboratories. The investigator usually turned part of his 
house or room into a scientific workshop. When Kolxmt Boyle 
at Oxford worked on the elasticity of gases, proving the law 
which bears his name, he employed a tului of such length, that 
he “could not conveniently make use of it in a ehmnl>er,’^ 
and he was “fain to use it on a pair of stairad^ Newton per- 
formed his classic expriments on the disf^ersion of white 
light into its component colours at his lodgings in Oainbridge. 
Benjamin Franklin, after experimenting witli the kite, put up 
an insulated iron rod at his house in ITdkdelphia, in order 
that he might lose no opportunity to make teste whenever the 
air was heavily charged with electricity* 

Previous to this century, scientific lalKmatories existed sim- 
ply for original investigation; they seldom played a part 
in elementary or in higher MmMhn, Doubtless, the error 
of this practice was felt by many teachers tncl sciiiitiste, mi 
chief among such men was the Momvtan educational reformer, 
Johann Amo$ Oonmnim (l§92«-t6Tl), who arid: “Men must 
be instaicted in wisdom so far as possibtei not from books, 
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but from tin* hoavon.s, iht? I'arih, tlie oaks and the beeches; 
that is, they must learn and inv(»8tigate the tilings themselves, 
and not merely the ohservationB and testinionies of other 
persons corn^erning the things.” Who is there,” he cries, 
^^who tiiiudies idiysieH by observation and experiment, instead 
of by reading an Aristotelian or other text-book ?” ^ 

Near tlie (dose of the eighteenth century, Josejih Priestley, 
the discoverer of oxygen, expr(iHsed himself as follows: 
am sorry to liave eweasion to observe that natural science is 
very little, if at all, the object of eduecUion in this country, 
. . , I would observe that, if we wish to lay a good foundation 
for a philosophical taste, and philosophical pursuits, persons 
should \m accnstoriied to the sight of experiments and processes 
in early life, 'fliey shotild, more especdally, be early initiated 
in the theory and firactice of imeMig<Jdion, by which many of 
the old discoveries may l>e made to be really their own; on 
which jmeount they will l>e inueh more valued by them.” ^ 

In this passage Priestley advances an idea which is finding 
its pmctieal realimtion at the present time, since it is only 
in recent years that there have l^een established laboratories 
for pupils of high-school ^rade, in which the young studehts 


We have seen that expenmeatal research was in vogue 
earlier in chemistiy than in physics. Chemistry again takes 
the leail in tl»e establishment of laboratories connected with 
educational institutions and planned for the use of students. 
Why this lagging behind on the part of physios? There 
appear to be two reasons. In the first place, chemistry ap- 
pealed more directly to the needs of practical life. A know- 
ledge of chomistiy wm indispensable for metallurgy. On the 

] |j_ u xhe gvolutioR of Modem Soientiflo Laboratories," 

gUi^Man (l.ondon), Vol, 8T, 1888, p. 172. 

* X I*«iesTtJty, On Air, Blnnlngbam, 1700, VoL I, p. xeix. 
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other hand, the age of steam had not yet arrived ; electricity 
and magnetism were sciences s,till in their infancy. The 
second reason for the priority of chemical laboratories is that 
they are less expensive. Earthen vessels, bottles, test-tubes, 
a stock of ordinary chemicals, are not expensive, yet go a 
long way towards equipping a chemical laboratory. Physical 
apparatus, on the other hand, is very costly. Three hundred 
years ago an air-pump, thermometer, and telescope were ex- 
pensive luxuries ; they are expensive now. One hundred and 
thirty years ago Priestley wrote, Natural Philosophy is a 
science which more especially requires the aid of wealth.’^ ' 
Great educational movements usually begin on top. The 
laboratory method of instruction was first introduced into the 
universities and thence descended to the more elementary 
schools. Lord Kelvin^ claims that the first chemical labora- 
tory for the instruction of students was established at the 
University of Glasgow, prior to the year 1831, but the first 
laboratory of the type existing to-day was apparently e8tal> 
lished by Liebig, who, in 1824, became extraordinary professor 
of chemistry at the University of Giessen.® Certainly the 
new movement in the teaching of chemistry was started in 
Germany with much greater momentum and with more far- 
reaching influence than in Scotland. Students from all parts 
of the civilized world flocked to the little university in the 
small town of Giessen.** Chemical laboratories were soon 
built in Ttibingen, Bonn, Berlin, and other places. 

1 Joseph Pribstlbt, BMory of Met^ricUy, 4th ed., London, 1775, 

p. XV. 

2 “Scientific Laboratories,” Nature, VoL ai, 1885, pp. 409-418. 

* T. C. Mendenhall, “The Evolution and Influence of Experimental 
Physics,” in the Quarterly Calendar of the Univeretty of Chicago, VoL 
in., August, 1894, p. 10. 

* Ira Bemsen, “On Chtemical Laboratories,” Nature, Vol 49, 1894. 
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The earliest American institutions in wliich students were 
sent regularly to the chemical laboratory to make their own 
experiments were the Rensselaer Polytechnic Institute at 
Troy, New York, jind the Massachusetts Institute of Tech- 
nology in Boston. At the former, laboratory work was re- 
quired of students prior to 1831/ x>robably from its very 
foundation in 1824. The movement was independent of that 
at (liessen. At the Massatihusetts Institute of Technology 
perhaps more systematic courses were given. The laboratory 
method was in vogue there from the time of the schooFs foun- 
dation at the close of the Civil War.® 

The transition from private laboratories to those belonging 
to universities was a gradual one. Usually it took effect in 
this wise. A few teachers permitted the most enthusiastic 
and promising of their students to enter their private labora- 
tories. Thus, Heinrich Oustav Mctgnus (1802-1870) in Berlin 
threw open a few rooms in his residence for physical experi- 
mentation. Like Liebig, Magnus, while hini'self a student, 
had drawn his inspiration for experimental research from. 
Bemdlus and Gay-Lussac. The influence which Magnus 
exerted in Germany was very great. lie loved youth, and 
knew how to make himself beloved while imparting a taste 
for that science to which ho had consecrated his life.^^ ^ He 
began his work at the University of Berlin in 1834 as extraor- 
dinary professor of physics and in 1845 was advanced to 
the position of ordinary professor. Some idea of the work 
ill his private laboratory may be obtained from his students. 
Says one of his American pupils : “ While I was engaged there 
three otlier itudents were present, one occupied by an investi- 

* merni, voi. m, mm, p. es ; n. s., voi. 8, tses, p. m. 

^ mmrn, m ip, mm, p. S5i. 

■ Life and lAboiiw of lleniy Oustavus M'agnus,” SmUfmnian Bepoi% 
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gatioB. of acoustics, another in polarized light, and a third in 
the measurement of crystals of recently discovered chemical 
compounds.” ^ Among the greatest of his pupils who experi- 
mented under him were Cr. H. Wiedemann, Helmholtz, and 
Tyndall. As the number of students increased, the private 
laboratory became more and more inadequate ; the university 
began to give financial aid and the private establishment grew 
into a regular university institution. liy this process the 
private laboratory of Magnus evolved into the physical lab- 
oratory of the University of Berlin, which was opened in 
1863. A similar mode of evolution can be traced in case of 
Liebig’s chemical laboratory at Giessen and Purkinje’s physio- 
logical laboratory at Breslau.^ 

Physical laboratories for students were gradually estab- 
lished in connection with other German universities. Thus, 
at Heidelberg one was opened by Philipp Ouatm Jolly (1810- 
1884) in 1846. It consisted of two rooms in what was origi- 
nally a private dwelling.® In 1850 the apparatus was moved 
to somewhat more commodious quarters, in which later Kirch- 
hoff and Bunsen instituted their wonderful researches in spec- 
trum analysis. Eeferring to these new quarters, Quincke 
says: However modest this institute may appear to the 
present generation, it contained the only physical laboratory 
in which a German student at that time could do practical 
work.” If Quincke means to Exclude private laboratories, 
then this statement may be true, but students had been drawn 
to Berlin to work in the private laboratory of Magnus long 
before this. Helmholtz was there in 1847. 

lA. R. Leeds, “A Laboratory of Experimental Reieai^,’^ Jmr, 
FranMin hut, (3), VoL SO, 1870, p. 210. 

2 Science, Yol 3, 1884, p. 173. 

8 a Qdikcke, aeacMcim d phym. Inmm i. Univ, MMdherg, 

Heidelberg, 1886. 
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The Univernity of Glasgow in Scotland, which was men- 
tioned as laying (daim to the earliest student’s laboratory 
in chemistry, is also a candidate for the honour of haviiig 
first given laboratory instruction in physics. In 1845 Lord 
Kelvin (Sir William Idiomson) became professor of natural 
philosophy at Ghrsgow. He invited some of his students to 
aid him in his original reseandies; others volunteered for 
semee.^ ^^The physical laboratory for many years was a 
disused wine-cellar in the old university buildings.’’ ^ Thus old 
Bacchus was superseded by the modern goddess Scientia. 
Experimental research was carried on for nearly a quarter 
of a century in this room and in another one, added later. 
Finally, in 1870, the university was moved into new and pa- 
latial buildings. The students’ laboratory work under Kelvin 
was mostly original investigation. Their interest was excited, 
was kept alive by their constant inter(K)ur 8 e with the guiding 
spirit of the place, and their zeal was such that . . . the labora- 
tory corps, as it used to be called, has been known to divide 
iteelf into two squads — one which worked during the day, the 
other during the night, for weeks together, so that the work 
never paused.”® Neither at Glasgow nor at Berlin were the 
laboratory couisei in physics regular prescribed branches, con- 
stituting im integral part of the curriculum 5 entrance into the 

i fep Kelvin s of my volunteer experimentalists med 

lo he iluieiili who entered the theological classes immediately after the 
c^mplitten of the phtlowqjhieal curriculum. I well remember the sur- 
p<it of a pwU Oermmt professor when he heard of this nile and usage : 
‘ What I do the thoologiaiii learn- physics f ’ I said, ‘ Yes, they all do ; 
and many of ttiom hare made capital experiments.’ ” — -iVaenre, VoL 81, 
1»% p. 41t 

« wrnm, Toi m, tm, p. 4S7. 

•/Wfep, p. 4i7. ■ Cmiault also Kelvin’s evidence given before -the 
on Setose Instruction, Minutm of JSuidence, 1870, 
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laboratory was purely ox)tionaL The earliest institution in 
which laboratory physics was pursued according to a system- 
atic plan for its educational vahuj, atid was a required part 
of the work necessary for a degree, is, we Ixdieve, the Massa- 
chusetts Institute of Technology in Boston. The institution 
competing with it for that honour is King’s College in London. 
New England and Old England took the new departure about 
the same time. Says W. G. Adams: ^Mh’ofeBsors of physics 
at different universities have usually selected their best 
students to assist them in their private laboratories, to the 
mutual advantage of professor and student, but I Ixdieve that 
Professor Clifton was the first to propose;, more than three 
years ago, that a course of training in a |)hysical laboratory 
should form a part of the regular work of every student of 
physics. This system was adopted and at onc;e put in action 
at King’s College, on a very considerable scale for a college 
with no endowment whatever, and has been working now for 
nearly three years. Two large rooms adjoining the museum 
of physical apparatus were fitted up for a physical laboratory, 
and a third room was built for a store and battery room.^’ ’ 
Bohert Bellamy Olifion's name is indeed closely identified 
with instruction in experimental physics in England. He was 
the first occupant of the chair of natural philosophy at Owens 
College, Manchester. After his removal to Oxford, he planned 
the first laboratory in England ‘^yrhich was simeially built 
and designed for the study of experimental physics. It has 
served as a type. Clerk Maxwell visited it while planning 
the Cavendish Laboratory (at Cambridge), and traces of Pro- 
fessor Clifton’s designs can be detected in seveml of our 
university colleges.^”* Maxwell took charge of the depart* 

Tol S, 1871, p. S2S. 

« A. W. EtfCKXE, m 60, 1894, p. S44. 
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jnent of pliysics at Cambridj'e University in 1871, and his 
laboratory was iniilt in 1874.^ 
lioth at C’ainbridgt* and Oxford laboratory practice was 
optional, ami the nund)(*r of studtjuts undertaking experimen- 
tal work was small” But out of this small number rose some 
of Engiamrs physieistH of the present time. 

In tlie early part of this (jentury France was tbe great centre 
for experimtniial researcrh. And yet, as Professor Welch says, 
Franca wtm long in supplying her scientific men with ade- 
c|uate lalmraUiry fiunlities/' “ Bernard, that prince of experi- 
menters, worked in a damp, small cellar, one of those wretched 
Parisian substitutes for a lalmratory which he has called ^the, 
tombs of mdentific investigators.’” Gay-Lussac’s laboratory 
was on tlie ground fi<K>r and, to protect himself from the 
dampness, wore wcxHlen sIuhjs. But in 'spite of this, French 
scientists invimtigated and taught with enthusiasm. Says 
Liebig in his aiitobiograpliy : ® ^^The lectures of Gay-Lussac, 
Thenard, Dulong, etc., in the Sorbonne, had for me an inde- 
icrilmble eliann* . . . French exposition has, through the 
gening of the' lanpiage, a logical clearness in the treatment of 
scientific subjects very difficult of attainment in other lan- 
pmges, whereby Thenard and Gay-Lussac acquired a mastery 
in exptrinieiital demonstration. The lecture consisted of a 
jiidkiioiisly arranged succession of phenomena, — that ■ is to 
say, of txpcriinenti, whose eoniiection was completed by oral 
explanations. The experiments' were a real delight to me, for 
they spoke to me in a language I understood.” 

* It. T. GiAmtmum, Mmm Clerk Mmwdl and Modern PhydcSf Kew 

Torite, tm, p. 7S. 

cll., p. 76; M$nuli$ of BM$nce taken before the 
JUbmt Commimim on Msntific Irnlrmton md the Admncernem of 
^mm, IS70, pp. »7t M, $B. 
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Gay-Lussac invited Liebig to work in his private labora. 
tory.” As elsewhere, there were in Paris no public laborato- 
ries for students. Original workers were dependent upon 
their own financial resources. Says Arago: ^^At the end of 
the eighteenth century and the beginning of the nineteenth, 
no one was a real physicist unless possessing a valuable col- 
lection of instruments well polished, well varnished, and 
arranged in glass cases.’^ When, in 1806, Gay-Lussac, who 
owned only a few instruments of research, was a candidate for 
the Academy of Sciences, he had much trouble in overcoming 
these prejudices.^ We know that Dulong expended nearly all 
his wealth on apparatus. Presnel conducted his immortal 
experiments privately, and defrayed from his own resources 
the heavy expense for apparatus. Poucault carried on most 
of his experiments at his own residence. On one occasion 
savants flocked to the humble abode of Ampfere in the Kue 
Fossds Saint Victor to see a platinum wire, as soon as it was 
traversed by an electric current, set itself across the meridian.^ 

For many years French scientists complained of meagre 
laboratory equipment and lack of room, until, at last, Duruy, 
the minister of public instruction (1864-1869), undertook to 
meet the requirements. At the beginning of the century, 
Germany took lessons from France; at this new period the 
process was reversed. Says Professor Welch; more 

unbiassed recognition of the value and significance of the 
German laboratory system can be found than in the reports 
of Lorain, in 1868, and of Wurtz, in 1870, based upon personal 
study of the construction and organization of German labora- 
tories.^^ 

Two decrees of July 31, 1868, affirm the necessity of sup 

1 AEi.Go, “ Eulogy on Gay-Lussac,” Smithsonian MepoH, 1876, p. 162. 

* Heller, II., p. 609. 
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pleiuentiiig t!u; on mimm with practical exercises or 

iiiaBiptilatieiiH. Till! Huiiic iIc.ib-cch provide that besides the 
laboratoricH studiBtlH there shall bes established special 
laboratories for original researcdi for the use of professors 
aad other savaats. Tlie result was the establishment of a 
large of IalK>rafcories for physics and for other sci- 

mmn} Iteferriiig to tliests cliaiiges, M. Darboux wrote, in 
1892: You know wliat profound transformations have been 
wcoin|iliihcici in these estalilishmerits [the facnilty of sciences] 
within 2(1 years. Everywhere tlie buildings have been recon- 
structed and cmiargial ; thi,!y have been supplied with large 
laboratories for this experimental sciences. In some places 
these are itill tm> smalh — the remedy is esay. ... A 
barrack on a site not far distant is sufficient. (Jertainly, we 
professors of the fmuilties of Paris will never forget the ser- 
vices rendered to superior instruction by the barracks and 
halli^' of (lerion/^^ 

A physical laboratory was founded in the old Sorbonne in 
1868. J. Jamin was director of it until his death in 1886. 
In 1894 it was traiisfarrad to the new Faculty of Sciences 
and was reconstructed. At the present time it is celebrated 
through tita rcacarchas of its director, G. Lippmann.^ 

In the United States the growth of laboratories during the 
last 26 years has been sui^jrising. As already noted, the 
Mi»»a<dtttiiilts Institute of Technology took the initiative in 
physici. The idea of pving regular laboratory courses in 
thii iuhjeot to large elaaes was strongly advocated by WilUmi 

» dmui&r 0/ Bureau of Mucato, Washh^n, B.O., 

M#. 4, mt, f. lit. 

^ #/li# U0mmi$$i0nm* Mnmtion^ WssMngfcon, D.0., lSt2-' 

1^, Yd. 1, p. an. 

* A. Itt M M&tmmf Yol Mf 1008, p. 225 j JTatun^ Yol 6A 
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Barton EogerSj the first president of the Institute. In draw- 
ing up the scope and plans of the new school, in 1864, he 
stated some of the leading objects of such a laboratory.'^ 

Edward (7. Pickering was put in charge of the department. 
In April, 1869, J. D. Runkle, then acting president of the 
Institute, wrote as follows: Pickering has drawn, in quite 
full detail, a plan for the physical laboratory, which I will 
send you before long. . . . Pickering is very anxious to be 
ready by October next to instruct the third year^s class by 
laboratory work; and if an experience of one year shall be 
favourable, as I feel it must be, we can then gradually enlarge 
our facilities and take in the lower classes. I am convinced 
that in time we shall revolutionize the instmction in physics 
just as has been done in chemistry.” ® 

After a trial of a little over one year Pickering made the 
following statement: ^^The great difiSculty is to enable 20 or 
30 students to perform the same experiment without duplicat- 
ing the apparatus, and to avoid the danger of injury to delicate 
apparatus. Our plah is this: Two large rooms (one nearly 
100 feet in length) are fitted up with tables, supplied with gas 
and water. ... On each is placed the apparatus prepared for 
a single experiment, which always remains in this place, thus 
avoiding the danger of breaking it in moving. A full written 
description is also given of each experiment.”^ Several other 
institulionsj Cornell for instance, were quick to follow suit 
In the article just quoted Pickering says : “ There are now 
(1871) in America at least four similar laboratories in operar 
tion or preparation, and the chances are that \n a few years 
this nun#er will be greatly increased.” 

^ Ufe and Letters of WUliam Barton Mog^s^ and New York, 

1890, Vol. n., p. 803. 

* Op. ca, m iL, 

* ToL 8/1871, p. Ml. 
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Notwithstanding Pickering’s prediction, the vast majority 
of our colleges and universities failed to make provision for 
physical Ial>orat()neB for students until much later. In this 
matter, tlic technical schools were in the lead. University in- 
struction, as diHiinguished from technical, is of more recent 
date. In 1H7I Harvard College had no instruments for elec- 
trical ine/asurcmentB, and Professor Trowbridge had to borrow 
from ProfesHor Cooke’s private collection in order to make 
some tests on Ins new cosine galvanometer.^ Most of the large 
physical lal)oratoricH in this country have been erected and 
equippcHl within the last 15 years, but now ^^we have some 
^ half-dozen that will compare with any university laboratories 

f in Europe/’^ with the exception, perhaps, of a few like l^he one 

I in Zurich, devoted to physics and electrotechnics, which has 

1 been built and equipped at an expense of 3,000,000 francs. 

I The difficulty* of arranging laboratory work in physics for 

large classes, which Pickering endeavoured to overcome, cannot 
be said to have l>een removed satisfactorily. Some of our 
large uiiivcfrsities devote a whole building to the purposes of a 
physical laboratory and yet teacdi the elementary college 
physics, requiriul of all the students for a degree, by text-book 
and illustrated lectures, without giving the pupils an oppor- 
tunity to experiment for themselves. The teaching force and 
laboratory fimilities are inadequate for classes of, perhaps, 
seveml hundred meml)ers. Experimental work is done only 
by the few students who elect more advanced physics, or by 
thew# who are pursuing technical courses. If there is any 
timtl in the stotemant that even Faraday never could under- 

* M* S*, VoL TIIL, 1898, p. 204. For comparison of dimen- 

uteiii American, lagllsh, md Gennan physical laboratories, see 

mmm 58, i»8, pp. mi, am. 

■ - ^ A. G. A National Physical Laboratory,” The Pedagogir 

mi VoL IL, 18M, p. 91. 
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stand any scientific experiment thoroughly until he had not 
only seen it performed by others, but hfwl performed it him- 
self, then it is clear that the above method is far from ideal. 

There are two distinct methods of conducting large labora- 
tory classes in physics. One is to let all the pupils perform 
the same experiment (measurement) simultaneously, each 
student being supplied with all the apparatus necessary for 
the experiment. The second method is to let each student 
perform a different experiment, so that, at one time, there are 
as many different experiments in progress as there are 
students. 

The first method has the great advantage of permitting 
teachers to discuss, once for all, the theory of the experiment 
with the classes as a whole, instead of repeating it with each 
student individually. Moreover, it is easier to superintend a 
large class when all are working at the same thing than when 
each is performing a separate task. The great disadvantage 
of this mode of procedure is that few institutions, if any, have 
the resources to furnish each student of a large class with the 
same instrument of precision. Several hundred instruments 
of the same kind might be needed for each experiment. 
Wherever this course has been followed, the apparatus has 
necessarily been of cheap quality and frequently the experi- 
mental work has lacked the desired degree of accuracy. 

The strong point of the second method is that it necessitates 
no duplication or multiplication of apparatus, thus making it 
easier to equip the laboratory with instraments of high qual- 
ity. Each student is at a different task. The members of the 
class rotate from one experiment to another on successive 
days. There ie less opportunity for students to compare 
results, each pupil being thrown more upon Ms own resources. 
It is an individukl method, Mling for a great deal of elbow 
mstruetion.’^ A teaelSt mmo% at one time take care of as 
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many pupils l>y this inetliod as by the first. Again, the order 
in which the experiments are taken up is different for each 
student, making it impossible, as a rule, to take the experi- 
ments in a logical succassion. 

So far as we know, there are few colleges and universities 
in which i*.ither of the two methods has been carried out in its 
purity with all students. Usually, in large classes, a combina- 
tion of the two has becm found more in harmony with existing 
eonditiona ; that is, the class is divided into groups, and the 
exjieriinents, during any laboratory period, are different for 
each group, though the same for all students belonging to any 
one group. At the |)reBent time the first, or class-method, is 
the prevailing one in our high schools, wliile in the universities 
the advanced lak>ratory courses are invariably pursued by the 
second, or individual, methoiL 

During tlie past decade laboratory courses liave been devel- 
optnl and strengthened, not only in our higher institutions of 
learning, but also in our high schools. Many high schools 
to-day are better equipped than were some of tlie prominent 
collegeH tan years ago. The experimentation in our secondary 
schoolii was formerly purely qualitative, but now the quantitar 
tive work is being emphasized more and more. 

At the present time latoratory instruction in physics in 
secondary schcmls is, perhaps, more fully developed in the 
United States than in France and Germany. M. Darboux, 
dean of the Paris faculty of sciences, reported in 1892 as 
follows: There exists indeed in every lyc4e a physical 

cabinet, but the instruments- to be put into the hands of the 
stiidento for the manipulations in physics, chemistry, and 
iiatuml history are wanting.” ' In Germany the desirability 

* M 6 pm^ 0 / tki'' CMmliMomr of Mmation^ Washington, 1892, 1893, 

Wot 1, p* m , 




A HISTOKY OF TUYBICB 


of letting the pupil handle apparatus and see it m action has 
been abundantly discussed. Some laboratories have been con- 
ducted accordingly, but the new movement is less general 
there than in America.^ 

The departure in the direction of individual laboratory work, 
including measurements, for secondary schools took definite 
shape in the United States when, in 1B86, Harvard (Jollege 
changed its entrance requirements in physicH. “ It was now 
decided to establish a requirement of laboratory work to be 
recommended by the College in place of the text-lx>ok work, 
although the latter, considerably increased, remained as an 
alternative for those who could not command lalmratory facili- 
ties. It was soon evident, in view of the inexperience of 
teachers and the very different standards and methods likely 
to be adopted by them, that a special course of experiments, 
carefully thought out, . . . was rn^eded to make the new plan 
a success.’’ A pamphlet was issued by Harvard in 1887, 
afterward somewhat revised, under the title, De«criptim J/mt 
of Elementary Phymcal EriienmetdH, 

In recent years there has been a growing demand for the 
establishment of national laboratories for experimentation 
which is beyond the resources of lal>oratori 08 connected with 
educational institutions. But little has bean acdiieved in the 
way of securing government aid. Yet England, Germany, 
and France have institutions which in part fulfil these de- 
mands. England has the Eoyal Institution with the new 
Bavy-Faraday Eeseareh Laboratory; Germany has its Im- 
perial Fhysico-Technical Institute in Charlottenburg ; France 
for 100 years, has had its Conservatoire des Arte at MMers 


1 Consult E. J. Goonwix, Some CharaoterlEto of Brewlm Schools,’^ 
Educational Mmfim, Bicember, ISM; idio a eriticid »? lew of tils article 
in Poshe's ZeiUehrfft den nnd Ckemimkm UntmrieMt 

X. Jahrgang, 1^97, 161 , m 
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and, for stwne years past, also an electrical testing laboratory 
in Faris.^ 

Of the famous laboratories of the Eoyal Institution in 
London an English writer said in 1870: “ Probably a greater 
part than to the univerBities is to be ascribed in the spread 
and davelopimmt of modern science to the Eoyal Institution, 
which has been the scene of the teaching and labours of 
the tlmee by far greatest jdiilosophers of our century, of 
Young, of Davy, and of Faraday.” ^ The Briton of to-day 
speaks of it as the Pantheon of Science.” The theatre, 
model-room, and workshops of the Eoyal Institution were 
erected in 18CKh The aim of the Institution, according to its 
founder, < !ount Rumford, was the promotion of applied science. 
It origituilly contained a workshop for blacksmiths with forge 
and bellows. All sorts of models of machinery were brought 
together. After 1802, when Rumford left England, the indus- 
trial element declined, and original research in pure science 
predominated. When the physical laboratory of the Eoyal 
Inititniion was erected, there was nothing equal to it in Eng- 
land. Nevertheless it was very unpretentious. It became 
memorable for the brilliant researches of Sir Humphry Davy, 
Faraday, and Tyndall. For 70 years it remained unaltered, 
and at the end of that time it was very inferior to the new 
labomtories in Oxford, Cambridge, Manchester, and Glasgow.® 
Whan tha raemnitmetion of the laboratories at the Royal Insti- 
tution came under consideration, the plan was at first opposed 
by Tyndall. Ha almost prayed that the place where Davy 
and Fartilay had made their discoveries might be preserved.^ 
But impMvements were necessary and were made about 1871.- 

* A. G. Simimm Yol. II., 1802, p. 101. 

*0. Km Amm Ift 0 Mvid€nc$ on Sdemific InMrucUon, 

ISf if p. 00* 

» wrnmm, m T, m%-wn, p. 204. 


* 2bi$m, p. 264. 
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Through the generoeity of I>r. I,mlu-‘nj Mowl, the labora- 
tories of the Boyal IuHtitution were rcc«*ntly enlargi-il, and a 
new laboratory, liberally (‘tulowfd ami equippwi with nuxleru 
apparatus, was erected innnediately adjoining the iioyal Insti- 
tution. This new scieiititie workshop, culled the “Davy- 
Faraday Kesearch Lalwratory,” was oponc-il Dectuiilstr 22, 
1896, and is at present under th« directorship of Lord 
Eayleigh and Professor .1. Dewar. It is “tho only public 
laboratory in tho world solely devoU-d to research in jiuro 
science” and “open to ineii and women of all schools and 
of all views on scientific questions.” ' 

Tor many years considerable attention has V>ci;n given to 
the standardizing of apparatus at the Kkw Ohmnuttory, 
England. Meteorological instruments, compasses, photo- 
graphic lenses, have been tested an<l verific«l. InijKtrtant 
researches have also been carried on there on terrestrial 
magnetism.’ In this work the government has helped hut 
little. It furnished the site and the use of an old building j 
all other expenses have been dofrayesd through private bene- 
faction. 

Germany has become the envy of other nations Imcause of 
her magnificent new Imperial Physico-Technical Institute in 
Charlottenburg, commonly cdled the Hekhmnttalt, toward 
the foundation of which Wemm- Skmmn, in 1884, donated 
about $125,000. The Eeichstag voted the necessary addi- 
tions to this sum. New buildings were provided, and in 
1888 HelmMtg was made direetor. On his death, in 1894, 
he was succeeded by F. KcMmum^ The Ileicfasanstidt has 
hot only departments equipped for purely theoretiiml research, 
but also others devoted to the study of problems nseltd to 
industry. 


1 mturt, Vol 66, 1896, p. m 
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France^ for 100 years, has liad its (Conservatoire des Arts 
6t Metiers. It was founded in the old priory of St. Mar- 
tin des (Jhanips in 1794, as a public repository of machines, 
models, tools, plans, descriptions. From time to time free 
courses of lectures on ai)plied science were given to working- 
men ami artisans. In the physical line a beginning was made 
by the piircluise of the (Cabinet de Physique” owned by 
ChurleBj and by the eBtai)li8hment of the chair of physics 
in 1820. The physical equipment has been enlarged from 
time to time. 

Through the participation of 18 nations, an International 
Committee of Weiglits and Measures was organized in 1875. 
A fine lalwratory was erected in the Pavilion de Breteuil, in 
the l^ark of St. Cloud, near Paris, for the purpose of construct- 
ing international standards of the metric system.^ 



s A. G. Weiistke^ op. p. 04. For infonnation on the proposed 
National Physical Laboratory in England, consult Mectrician (London), 
¥ol 41, 18^, pp. 77S-780. 
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Coraenius, J. A., 288*. 

Compass. See Mariner’s compass. 
Compressibility of water, 281. 
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Electric sparks, 117 * 122 , 125 , 126 , 132 , 
149 , 181 , m, 245 , 246 , 254 , 255 . 
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Hughes, D. E., 27.4, 277, 278. 

Hulls, J., 112. 

Hultsch, 4. 

Humboldt, A. v., 135, 260, 201*. 
Humphreys, W. J., 106. 
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Johnson, A., 89. 

Jolly, F. J., 210, 29^. 

Joly, J., 184. 

Jones, B., 223, 234, 236, 249, 250. 

Jones, H. B., 253, 255. 

Joule, J. 192, m, m, 210«-213. 
Joule, unit of work, 

Jowett, B., 7, 9. 

Jupiter, satellite of, 40, 77, 7$. 

Kahlbaum, G. W. A., 156, 157, m 
Kaleidoscope, 148. 

Kant, 12. 

Kisttter, 51. ' 
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Kayser, H., 165. 

Keckermaii, 25. 

Keeler, J. E., 168. 

Kelland, 252. 

Kelvin, Lord (Sir William Thomson), 
24, 62, 162, 163, 196, 207, 208, 210, 211, 
213, 2M, 234, . 269, 262, 267, 275, 276, 
290, 293. 

Kepler, J., 29*, 30, 38, 39, 41, 66. 
Kepler's Laws, 30, 56, 57. 

Ketteler, 183. 

Kew Observatory, 304. 

Kiel, A., 2(52. 

Kilogramme-metre, 52. 

Kinetic theory of gases, 266. 
Kinnersley, E., 118, 120, 122, 124. 
Kirchhoff, G., 154, 157, 169, 160*, 161, 
162, 168, 233, 292. 

Kite (Franklin’s), 125. 

Klaproth, 22. 

Klein, H., 53. 

Kleist, E. G. von, 118* 119. 
Klingenstierna, S., 102. 

Klugel, G. 8., 82. 

Knoblauch, K. H., 174. 

KohIrau8<}h, B\, 218*, 304. 

Konig, E., 284. 

Korteweg, D. J., 76. 

Kramer, F., 76. 

Kronig, 139. 

Knndt, A., 182*, 183, 280. 

Knndfc's method, 280. 

JLabomtories, 71, 118, 127, 129, 131, 139, 
175, 199,203,286-305; in education, 

^ 288-305. 

l^genbe(‘.k, Max, 188. 

X^grange, 99, 139, 224, 268, 284. 

Lia Hire, 74. 

X^ambert, 106, 111. 

X^amont, 260. 

Iiane-Fox, 271. ' 

X4ingley, S. F.. 101, 102, 113, 114, 172, 
173, 178*-180. 

I^place, 97* 99, 116, 139, 144, 147, 268, 
280. 

I^rousae/F., 151, 172. 

J2. ' 

X^atent heat, 113, 115. 

116*, 191. 

X^awe of motion, 34, 36, 60, 51. 


Least deviation, 155. 

Least time, principle of, 77. 

Le Baillif, 250. 

Leclanche, G., 222*. 

Leeds, A. R., 292. 

.Legal ohm, 263. 

Leibniz, 52, 53, 80, 86. 

Lemonnier, L. G., 126. 

Lenard, P., 266. 

Lenses, 6, 38-40, 84, 102, 103, 155, 188, 
270 ; achromatic, 84, 85, 102-104, 154, 
155. 

Lenz, H. F. E., 231, 269*. 

Leopold de’ Medici, 91. 

LeSage, C., 62. 

Leslie, J., 171*, 177. 

, Lever, among Greeks, 2, 3. 

Leyden jar, 119-121, 126-128, 132, 134, 
238, 247, 254 ; discharge oscillatory, 
244, 254. 

Libes, A., 73. 

Libri, 92. 

Lichtenberg, G. C., 267*. 

Liebig, J. v.,49, 209, 290-293, 296. 

Light, among the Greeks, 6, 7 ; among 
Romans, 15, 16; among Arabs, 17 ; 
in Middle Ages, 26 ; Renaissance, 37- 
41; 17th century, 56, 67, 76-89, 96; 
18th century, 101-105 ; 19th century, 
137, 140-188, 248, 255; diffraction, 
84, 141, 143, 158, 256; dispersion, 
81-85, 103, 173, 183 ; emission theory, 
47, 81, 8()-88, 101, 102, 115, 137, 143, 
146-148, 156; “fits," 88; magneti- 
zation effect, 166 ; refraction, 7, 16, 

, 19, 39, 76, 77, 81, 83, 85, 87, 103, 

171, 182, 265, 2()6, 267 ; light without 
heat, 180; velocity, Romer, 77, 78, 
Bradley, 79, Fizeau, Foucault, and 
others, 148-153; electromagnetic 
theory, 248, 251, 253; rectilinear 
propagation of light, 81, 87, 144. 

Lightning, 96, 122-127. 

Ijightning rod, 123-127. 

Lines of force, 247, 248, 252, 2(J9 a 

Linn^, 111. 

Linus, F., 71, 72, 86. 

Lippershey, Hans, 37. 

Lippmann, G., 184, 297. 

Liquefaction of gases, 200-204, 236. 

Lissajous, 160, 286*. 
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Lissajous^s figures, 285. 

Liveing, G. D., 166. 

LJoyd, H., 163. 

Loadstone, 8, 9, 16, 43-45, 286. 
Lockyer, J. N., 165, 278. 

Lodestone. See Loadstone. 

Lodge, 0., 41, 49, 56, 166, 266, 266. 
Lommel, E., 156, 227. 

Lorain, 296. 

Louis XIV., 77, 80. 

Louis XVIII., 143. 

Lovering, J., 162, 172, 286. 

Low temperatures, 200, 201, 203, 204, 
249. 

Lucretius, 9, 16*, 16. 

Luminiferous ether, 81, 137, 138, 161, 
186, 263. 

Mach, E., 31, 37, 49, 62-54, 64, 93, 100, 
136, 196, 209. 

Magdeburg hemispheres, 68, 70. 
Magellan, J, H. de, 100. 

Magnes, the shepherd, 8. 

Magnetic circuit, open and closed, 
246. 

Magnetic Union (German), 261. 
Magnetism, among the Greeks, 8, 9; 
in Middle Ages, 2<3; Benaissance, 
41-47; 17th century, 94-06; 18th 
century, 117-136 ; 19th century, 137, 
166, 204, 216-279; theories of, 266- 
269; dip, 46, 261; declination, 22, 
46, 46, 94, 260, 261; hysteresis, 268. 
Magnetite, S. 

Magnus, H. G., 76, 139, 175, 176, 198, 
199, 217, 291*, 292. 

Malus, E. L., 146*, 146. 

Man, A. P., 271. 

Manometric fiames, 286. 

Maps of solar spectram, 170. 

Marat, 116. 

Mard, M., 81*, 82. 

Marie, M., 62, 63, 73, 172. 

Mariner’s compass, ^-24, 46, 
Mariotte, hO, 73*, 74. 

Marius, S., 38. 

Martine, G., 111. 

Martun, 200. 

Jfoscart, E., 168, 205, m 
Mai^, 63. 

Masson, 62, 238, 264. 


Mathematics, 17, 27, 30, 99, 139, 196, 
248, 252, 259. 

.Matter, constitution of, 12. 

Maxim, H. 8., 271. 

Maxwell, J. C., 52, 62, 121, 129, 130, 
18f>, 188, 221, 227, 248, 251*-266, 263, 
265, 277, 294. 

Mayer, A. M., 18<>. 

Mayer, H., 209*, 210, 213, 214. 

Mayer, T., 131. 

Maze, 92, 9Ci. 

McCormack. See Mach, E. 

: M’Cosh, J., 175. 

Mechani<ml equivalent of heat, 192, 
195, 210-214. 

Mechanics, among Greeks, L6; Eo- 
mans, 15 ; Middle Ages, 25 ; Henais- 
sanco, ; 17th century, 50-76; 
18th century, 99, 100. 

Meibomius, 11. 

Melanchthon, 10. 

Melloni, M., 171, 172*-176, 177, 178. 

Mendenhall, T. C., 290. 

Mercator, G., 44. 

Mercurial phosphorus, 96. 

Mercury thermometers, 10(i, 107, 
109, 110, 177, 194, m, 198, 212; dls- 
pla<‘.ement of ssero-point, 193. 

Mersenne, Marin, 65, 74, 85, 90, 
97. 

Metals and anomalous dispersion of 
light, 182. 

Meteorology, Greek, 9, 10; Eenals- 
sance, 47, 48, 68; 17th century, 91, 
92; 18th century, 107, 176, m, 

Metius, A., ;i8. 

Metre, la wave-lengths, 186. 

Mewes, R., 54, WX 

MIcheli dll Orest, 110. * 

Michell, J., ISL 

Miehelsott, A. A., 151, 152*, 153, 166, 
184, 185. 

Micrometers, IW. 

Microphone, 

MIcrweope, m, 1«, 171. 

Miculescu, 212. 

Middle Ag», 5, 15, 21-M, «r. 

Migration of Ions, 2lG-®0. 

Milhaud, G., 14. 

Mill, d. S., 14. 

Miher, m 
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Miller, "W. 158. 

Miller, W. H., 162. 

Mirrors, ainong ancients, 7; among 
Arabs, 18 ; 18tli centary, 104, 105 ; 
m)k century, 143, 149, 151, 163, 285. 
Mitscherlich, A., 164. 

Mixing colours, 188, 189. 

Mizanld, 48. 

Mohammed’s cofifin, 9, 250. 

Mohler, J. F., 166, 

Moll, 240. 

Moller, 62- 
MoUet, 206. 

Momber, A., 109. 

Momentum, 35, 52, 53. 

Moad, L., 304. 

Moage, 200. 

Montgolfier, 196. ‘ 

Moon, heat from, 174; temperature 
of, 179. 

Moons of Jupiter, 39, 40, 77, 78. 
Morland, 112. 

Morley, E. W., 161, 184. 

Morse, 8. E. B,, 273, 274*. 

Motor, electric, *268, 272, 273. 

Mottelay, P. F., 42. 

Mount Whitney experiments, 179. 
Mountain, 260. 

Muir, P., 218. 

Multiple spectra, 164. 

Mundane virtues, 96. 

Murray, 270. 

Mu^chenbroelc, 111, 119*, 120. 

Hapoleon I., 136, 

Kapoleon III., 160. 

Hatterer, J. A., 200, 201. 

17©el:am, A., 23. 

IJepitiTe electricity, 121. 

I^ernst, "W., 218-220. 

Beumaan, F., 139. 

ITewcuimb, 8., 152*. 

Hew'cmaen, X, 112, 113, 163. 

Sir L, 47, m, 61, 63-55, 56*- 
62, 74, 80, 81-89, 98, 95, 97, 99, 101, 
1X6, 138, 139, 141, 146, 181, 188, 
2M, 288. 

Kfesfeols, B. F., 181. 

Klcholson, W., 135, 215, 267*. 

Kidkel, mapietie pifoperty of, 249. 


Nicol, W., 249, 251. 

Nicol prism, 249, 251. 

Nicomacbus, 11, 12, 

Niepce, J. N., 168* 

Nineteenth centnry, 137-306. 

Nobert, F. A., 168, 169. 

Nobili, L., 173* 233, 234. 

Noble, W., 97, 136. 

Nollet, J. A-, 109, 117, 119, 122. 

Normal spectrum, 178. 

Norman, R., 46. 

Northmore, 200. 

Norwood, 58. 

Oersted, H. C., 223*-226, 281. 

Oersted’s experiment, 223, 224, 233, 
236, 237, 268. 

Ohm, G. S., 219, 227*-232, 241, 282. 
Ohm, unit of resistance, 262. 

Ohm’s law, 130, 228-231, 269. 

Olzewski, K., 196, 204. 

One-fluid theory, 121, 137. 

Optical illusions, 6, 15, 19. 

Optical mineralogy, 148. 

Optics. See Light. 

Organ pipes, 136, 184, 280, 282. 
Osmotic pressure, 218-220. 

Ostwald, W., 200, 216-218, 220, 224. 
Ostuald’s Klassiker, 33, 36, 64, 67, 77, 
80, 107-109, 116, 131, 132, 194, 197- 
199, 206, 213, 224. 

Overtones, 97, 136, 282-285. 

Oxygen, and colour of sky, 188. 

Pacinotti, A., 270. 

Page, C. G., 244* 246. 

Palladium, 163. 

Palmer, C. S., 220. 

Papin, D., 74, 112. 

Parabolic mirrors, 7, 18, 26. 

Parallel currents, 226. 

Parallelogram of forces, 1, 30, 35. 
Paramagnetic, coining of word, 260^ 
251. 

Pardies, 86. 

Parry, C. H. H., 12. 

Pascal, 50, 62*, 63, 65, 66. 

Pascal’s Law, 62. 

Patterson, R., 127. 

Paul, Father, 90. 

Peacock, G., 87, 105, 141, 144. 
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Peirce, C. S., 109, 184.' 

Peltier, J. G. 

Peltier effect, 209. 

Pemberton, 57. 

Pendulum, 35, 53, 54, 282 ; and rotation 
of earth, 150 ; compound, 285. 
Percussion, 74. 

Peregrinus, 23, 24, 44^0. 

Permanent gases, 201, 202. 
Permeability, 258, 259. 
Perpetual-motion machinos, 2.8, 91,207. 
Peter de Marie, ourt. See Peregrinus. 
Petit, A. T., 93, 198^. 

Petit, Pierre, 65, 74. 

Pfaff, C. H., 219. 

Philolaus, 28. 

Phlogiston, 114, 137, 11)2. 

Phonograph, 285. 

Phosphoresconoe, 96, 266. 

Photography, invention of, 158; with 
X-rays, 267 ; in natural colours, 183, 
^l84. 

Physical laboratories, 2SfJ~305. See 
Laboratories. 

Physical Society of Berlin, 139. 

Picard, Jean, 58, 59, 78, 96, 97. 
Pickering, E. C., 168, 298. 

Pictet, R., 202-204. 

Pictet, M. A., 192. 

Pierre, I., 194. 

Piggot, Th., 97, 136. 

Pitch and rate of vibration, 97. 

Iolanta, M., 118. 

Plants, G., 222*. 

Platinum thermometers, 194. 

Plato, 7, 63. 

Platonists, 7. 

Playfair, J., 56. 

Pliny, 8, 12, 15*. 

Plucker, J., 159, 164, 264. 

Pllickcr tube®, 158, 164. 

Poggendorif, J. 0., 10, 76, 91, 130, 5^9, 
228,231,246. 

Poincard, 253, 255. 

Poinsot, 143- 

Poissott, 76, 181, 144, 248, 257*. 
Polarity of mapiets, 9. 

Polarimtlon of cell®, 2^2, 
Polarization of dielectric, 2^, '253. 
Polarization of light, 81, 145, 147, 
148,249,251,265,2<:l6,m 


Polyphase inotor.s, 272. 

PonV.elet, J. V., 52, 53. 

Pope, K. L., 272. 

Porpiiyry, U. 

Porta, li., 38, 43, 46, 48. 

Portsmouth (Jul lection, 58. 

Positive electricity, 121. 

Potassium, <Ii.scovery of, 215. 
lh»tential, electric, Vk), 131, 21i), 25i), 
267. 

Potter, IL, 112. 

Pouillcl, (’. 8. M./m*. 

PowtJi* transmission, electric, 272, 273. 
Preeee, VV. il., 278. 

PresHun^ osmotic^ 21H. 

Preston, Tin, 8H, 15:5, 2(K), 255. 
I’^restou, Tcdvor, 62, 29H. 

PricKlley, H2, IlH, 119, 124, 126, 289, 
296. 

Primary e<»lourH, 1H5, 1H6. 

Prismatic K|s.tc} rum, 178, 180. 
Frojfsdihm, .'4, :tr», 59, 74, 75. 
i'Tonst, 156. 

Ptohunah* Bystern, 27-:K), 54, 56. 
Ptcdemy, Glaudius, 7*, 18, 28. 

Pulleys, :«). 

Pump, 5, 2.5, 63, 67, 70, mi See Air- 
pump. 

Purkiiije, 292. 

Pyrometer, 111, IM. 

Pythagoras, 11*, 12, 14, 2H3. 
Pythagfireans, 7, 28, 29. 

Quadruples telegraphy, ^4. 

Quality of tone, 32, 3.3. 

Quartz fibres, 2.%. 

Quincke, 0., 160, 218, 2ir2. 

liadiant energy, 137, 155-182, 25tl-25fl, 
S^.15-267 ; visual effect of, 180 ; nomen- 
clattiro, l8Ji 

Eadiant hmt, 171-170, 179, m% 2». 
Baillant matter, MM. 

Badiatloti, power of, tIBp 176. 
Earltograptiy, *J'i7. 

Radiometer, 181, MM, 
l^Uways, elastric, 272. 

Rain, foraaatlaii of, W. 

Ifelnbow, 15,26, 81,88. 

Ridn-fauf«, 91. 

Bateigh, Sir W., m 
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Hamsay, W., 202. 

Ramsdeii, 10;5, 118. 
lianms, P., 21. 

Rarikiiie, W. J. M., 208=*^, 214. 

Raphael, 27. 

Raylei^^h, Lord, 188, 222, 203, 304. 
Reaumur, 107, 109^, 110, 111, 11<). 
Rectilinear x)r()pagatioii ol light, 81, 
87, 144. 

Reflection, laws of optical, 7, 17, 81, 
87, 145, 171, 182, 255, 20(;, 2()7. 
Refraction, 7, !(>, 19, 39, 7(), 77, 81, 83, 
85, 87, 103, 171, 182, 255, 200, 207; 
indices of, 155, 182. 

Regnault, 11. V., 194, 198, 199^, 208. 
Reich, F., 75. 

KoiciiHanstalt, 218, .'104. 

Reis, F., 277«, 278. 

Remsen, L, 290. 

Renaissance, 27-49, 287. 

Repulsion, electric, 9, 95, 118, 128, 131, 
247 ; magnetic, 9, 10, 250. 

Resinous electricity, 118. 

Resistance, electric, 178, 191, 230, 232, 
233 ; of metals at low temperatures, 
204 ; unit of, 202, 203. 

Reversible engine, 207. 
liey, Jean, 90, 91. 

Rlieostat, 232. 

Rhodium, 153. 

Ricci, M. A., 05. 

Richer, Jean, 53. 

Richmami, (h W,, 126. 

Kiernann, B., 02. 

Hiess, 139. 

Righi, A.,256. 

Ring armature, 270. 

Hifchie, E. S., 24fR 
Ritter, J. W., 172*, 181, 215, 219, 222, 
208, 270. 

RfJ)el, E., m. 

Robcirt, 1<)6. 

Robhisort, J., 136. 

Rochas, <le, 5. 

Roche, De la, 172, 17S. 

Rock-salt, 174. 

Rogers, W. A., 171*. 

Rogers, W. B., 29$. 

Rohault, J., 55. 

Romans, 15, 10, 21. 

EOmer, Olaf, 77*-40, 97, 107, 108, 161. 


Rontgen, W. K., 206. 

. Rontgen rays, 2()(), 207. 

‘ Rood, O. N., 109, 180. 

Roscoe, H. E., 100, 104, 108. 

. “Rose of the Winds,” 24. 
Rosenberger, 15, 20, 22, 59, 75-77, 88, 
: 91, 102, 130, 155, 157, 160, 165, 172, 

199, 20(5, 202, 204, 279. 

Rosse, Lord, 104. 

Rotary field motor, 273. 

Rotary polarization, 147. 

Rotation * of plane of polarization, 
249. 

Rousseau, 225. 

Roux, le, 182. 

‘ Rowland, H. A., 170*, 195, 212, 224, 259, 

203. 

Royal Institution, 140, 175, 170, 190, 

204, 210, 235, 230, 247, 303, 304. 
Royal Society, organized, 71. 

Rubens, 181. 

Rubidium, 161. 

Rucker, A. W., 211, 261, 294. 

Riidberg, F., 198*. 

Riihmkorff, 245*, 246. 

Euhmkorff’s coil, 245, 246, 264, 267. 
Ruling machines, 169, 170. 

Riimford, Count, 115, 140, 189*-193t 
303. 

Range, C., 165. 

Rankle, J. D., 298. 

Ruoss, H., 105. 

Russell, R., 205. • 

Rutherfurd, L. M., 169*, 184. 
Rysaneck, A., 62. 

Sabine, 260, 261*. 

Sage, C. Le, 62. 

Saigey, 250. 

Samothracian rings, 9. 

Sanctorius, 90. 

Sanson, L. J., 187. 

Saturn seen “ threefold,” 41. 
Saturnian satellites, 104. 

Sauveur, J., 136*. 

Savart, F., 281*. 

Savery, 112. 

Sawyer, W. E., 271. 

Saxton, J., 158. 

Schaffers, V., 268. 

Schaik, W. C. L. V., 36. 
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Sohelling, 138, 268. 

Schmidt, G. C., 267. 

Schnaase, L., 18. 

Schott, 1^. 

Schott, Kaspar, 67. 

Schramm, 62. , 

Schiick, A., 23. 

Schiilke, A., 248. 

Schweigger, J. S. C., 233*. 

Schwenter, 90. 

Scott, E. L., 286. 

Screw, 170. 

Screw of Archimedes, 6. 

Seasons, variation of, 29. 

Secondary batteries, 222, 223. 

Seebeck, T. J., 227, 248, 250, 268*. 
Selective absorption, 178. 
Self-induction, 238, 239, 242. 

Seneca, 15*, 81. 

Servus, H., 38, 39, 85, 103. 

Seventeenth century, 48, 50-99, 137. 
Shaw, P., 96. 

Short, 103, 104*. 

Shuttle armature, 269. 

Siemens, Werner, 232, 233, 262*, 269, 
270, 271, 272, 275, 304. 

Siemens, William, 194. 

Siemens and Halske, 272. 

Siemens’s unit, 2(52. 

Sine galvanometer, 234:. 

Sing,, Ph., 121, 

Siphon recorder, 234, 276. 

Siren, 136,281,283,284. 

Sixteenth century. See Renaissance. 
Sky, colour of, 188. 

Smee, A., 221*. 

Smee cell, 221. 

Smithsonian Institution, 178, 190, 239. 
Snell, 58, 76*. 

Socrates, 9. 

Sodium, discovery of, 216. 

Sodium lines, 155, 166, 157, 162, 166, 
182, 185. 

Solar heat, 171, 178-180. 

Solar spectrum, 165, 167, 161, 163, 176, 
171, 178, 181, 186; place of maxi- 
mum energy, 178, 179. 

Solutions, theory of, 218. 

Somerville, Mrs., 164. 

Somerville, Mar^a, 164. 

Sorge, A., 284. 


Sound, among Greeks, 10-12; among 
Romans, 15 ; 17th century, 81, 97, 98; 
18th century, 1,'5(5 ; 19th century, 141, 
146, 1(57, 176, 184, 279-2^5; beats, 
l.%, 283-285; Doppler’s principle, 
167; harmony, 283, 284; limits of 
audibility, 281; overtones, 97, 136, 
282-285; siren, 136, 281, 283, 284. 
South, James, 105. 

Spark. See Electric spark. 

Sparks, J., 120. 

Specific gravity, 4, 19, 20, 25, 202. 
Specific heat, 116, 199, 212. 

Specific inductive capacity, 130, 247, 
248. 

Spectacles, 38. 

Spectroscope, 166, 167- 
Spectrum, 82, 89, 15.'1-171 ; effect of 
j pressure, 1(56; analysis, 157--171; 

line series, 1(55. 

Spence, 120. 

Spherical aberration, 84. 

Sprague, F. J., 272. 

Sprat, 47, 286. 

Stahl, G. E., 114*. 

Staite, W. K., 271. 

Stancari, V. F., 136. 

Stanley, W., 246. 

Stark, 274. 

Stars, twinkling of, 26. 

Static 6l©(itriclty, measurement of, 
128, 129. Sm Electricity. 

Statics, 4, m, 31, 99. 

Steam-engine, 112, 113. 206, 207. 
Stearns, J. B., 274. 

Bteinheil, K. A., 273. 

Stevens, W. I^e Conte, 186. 

Stevin, Simon, 30*, 

Stewart, B., 169. 

Stokes, O. a, 162, 163, 188, 276. 
Storage batteries, 2J^, 223. 

Striated surfaces, 141, 168. 

Strings, vibrating, 11, 12, 97, 1^, 279, 
282. 

Strdmer, 110, 111. 

Stromeyer, 200. 

Sturge, Mrs. G., 

Sturg^n, 220, 2^, 3^* 

Sturm, X 0. F., 269,281*. 

Sttbmarlne caWw, 234; 
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Sulzer, J. G., 133. 

Summational tones, 284. 

Swan, J. W., 271. 

Swift, 49. 

Symmer, R., 118. 

Sympathetic vibrations, 136. 

Synesius, 6. 

Table-turning, 260. 

Tait, P. G., 63, 208, 210, 262, 265. 

Talbot, W. H. F., 167* 182. 

Tangent galvanometer, 234. 

Tartini, G., 284. 

Tatum, 235. 

Taylor, W. B., 62, 274. 

Telegraph, 232, 273-278. 

Telephone, 276-279. 

Telescope, reflecting, 85, 104, 106 ; re- 
fracting, 26, 37-41, m, 84, 85, 103, 
156, 150, 167. 

Temperature, of incandescence, 169; 
concept of, 196; low, 200, 201, 203, 
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